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Zdjh Glsv dqg Gursv durxqg Iluvw Eluwk
Phwwh Hmuqév| dqg Dvwulg Nxq}h||
631 Mdqxdu| 5335
Devwudfw=
Jhupdq| kdv ehhq fodlphg wr eh rqh ri wkh frxqwulhv zlwk wkh prvw jhqhurxv pdwhuqlw| ohdyh
dqg sduhqwdo ohdyh ohjlvodwlrq1 Wkh vxffhvv ri vxfk srolflhv fdq eh hydoxdwhg lq whupv ri ihpdoh
oderxu irufh sduwlflsdwlrq udwhv/ zdjh h￿hfwv dqg fkloguhq*v rxwfrph1 Zh xvh d ulfk orqjlwxglqdo
gdwd vhw wr glvhqwdqjoh wkh zdjh h￿hfwv durxqg ￿uvw eluwk1 Ghvfulswlyhv uhyhdo dq dyhudjh uhdo
zdjh gurs ri 43 wr 53 shufhqw shu |hdu ri sduhqwdo ohdyh iru 4<;3 wr 4<<81 D prgho frqvlvwhqw
zlwk d orvv lv d kxpdq fdslwdo wkhru| vwru| wkdw suhglfwv kxpdq fdslwdo ghsuhfldwlrq gxulqj
rxw ri zrun shulrgv1 \hw/ wkh vl}h ri wkh orvv dsshduv vxusulvlqjo| kljk zlwklq d sduhqwdo ohdyh
v|vwhp wkdw ixqfwlrqv dv d vdihw| qhw1 Lq rughu wr slqsrlqw zkdw gulyhv wkh orvv dqg wr gudz
lqihuhqfh derxw wkh sduhqwdo ohdyh v|vwhp zh wdnh lqwr dffrxqw wkh srwhqwldo fruuhodwlrq ri
wkh gxudwlrq ri lqglylgxdo lqwhuuxswlrq gxh wr sduhqwdo ohdyh zlwk rwkhu xqrevhuyhg lqglylgxdo
vshfl￿f idfwruv dqg qrq udqgrp vdpsoh vhohfwlrq1 Zh h{sorlw wkh sdqho vwuxfwxuh ri wkh gdwd
iru lghqwl￿fdwlrq dv zhoo dv srolf| fkdqjhv ri wkh pd{lpxp gxudwlrq ri sduhqwdo ohdyh wkdw kdv
ehhq h{whqghg iurp 9 prqwkv lq wkh plg ;3v wr 6 |hduv lq wkh <3v1
MHO frghv= F56/ M46/ M641
Nh| zrugv= hpslulfdo oderxu hfrqrplfv/ zdjh htxdwlrq/ sdqho gdwd/ lqvwuxphqwdo
yduldeoh hvwlpdwlrq1
| Xqlyhuvlw| ri Frshqkdjhq/ Phwwh1HmuqhvChfrq1nx1gn/ || L]D/ Erqq/ nxq}hCl}d1ruj1
44L q w u r g x f w l r q
Jhupdq| kdv ehhq fodlphg wr eh rqh ri wkh frxqwulhv zlwk wkh prvw jhqhurxv pd0
whuqlw| ohdyh dqg sduhqwdo ohdyh ohjlvodwlrq1 Krzhyhu/ wkh vxffhvv ri vxfk srolflhv
fdq eh hydoxdwhg lq whupv ri fkloguhq*v rxwfrph/ ihpdoh oderxu irufh sduwlflsdwlrq
udwhv dqg zdjh hhfwv1 Prvw ri wkh suhylrxv vwxglhv frqfhuqlqj pdwhuqlw| ohdyh
duh frqfhuqhg zlwk wkh wzr uvw wrslfv1 Lq wklv sdshu zh orrn dw sduwldo zdjh hi0
ihfwv ri lqwhuuxswlrqv gxh wr pdwhuqlw| ru sduhqwdo ohdyh1 Iru d qxpehu ri uhdvrqv
lw lv lqwhuhvwlqj wr orrn dw zdjh hhfwv1 Iluvw/ wkh pdunhw zdjh lv dq lpsruwdqw
ghwhuplqhg ri wkh sduwlflsdwlrq ghflvlrq1 Vhfrqg/ vkruw uxq qhjdwlyh hhfwv rq
zdjhv wkurxjk sduhqwdo ohdyh pd| kdyh orqj uxq lpsolfdwlrqv rq ixwxuh zdjhv/
ulvnv ri sryhuw|/ dovr lq fdvh ri glyrufh/ iru h{dpsoh/ shqvlrqv dqg wkh zhdowk ri
fkloguhq1
Vwxg|lqj wkh Jhupdq fdvh lq wklv frqwh{w wxuqv rxw wr eh sduwlfxoduo| lqwhuhvwlqj=
Rq wkh rqh kdqg/ lq lqwhuqdwlrqdo frpsdudwlyh vwxglhv4 rq sduhqwdo ohdyh srolflhv
wkh Jhupdq v|vwhp lv fodlphg wr eh rqh ri wkh prvw jhqhurxv dqg idplo| iulhqgo|
rqhv1 Rq wkh rwkhu kdqg/ ghvfulswlyhv uhyhdo dq dyhudjh uhdo zdjh gurs ri 43 wr
53 shufhqw shu |hdu ri sduhqwdo ohdyh iru 4<;3 wr 4<<81 Wklv dssolhv wr ixoo0wlph
zrunhuv dqg/ khqfh/ h{foxghv wkh fdvh ri vzlwfklqj iurp ixoo wlph wr sduw wlph
zrun/ dv lw lv riwhq wkh fdvh1 D prgho frqvlvwhqw zlwk d zdjh orvv lv d kxpdq
fdslwdo wkhru| vwru| wkdw suhglfwv kxpdq fdslwdo ghsuhfldwlrq gxulqj rxw ri zrun
shulrgv1 Vwloo/ wkh vl}h ri wkh orvv dsshduv vxusulvlqjo| kljk zlwklq d sduhqwdo ohdyh
v|vwhp wkdw ixqfwlrqv dv d vdihw| qhw1
Wr prwlydwh rxu dqdo|vlv zh vwduw e| suhvhqwlqj hpslulfdo hylghqfh ri zdjh hhfwv
i r uz r p h qd u r x q gw k hw l p hi r uw k h u v we l u w k 1 W rg rw k l vz hx v hw k hJ h u p d q
LDEV vdpsoh5 iurp zklfk zh kdyh vhohfwhg d vdpsoh ri |rxqj zrphq zkr doo
4RHFG +4<<8,/ RHFG +5334,1
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duh revhuyhg zlwk dq lqwhuuxswlrq ri wkh oderxu pdunhw fduhhu gxh wr d pdwhuqlw|
ohdyh vshoo1 Wr kljkoljkw wkh zdjh hhfwv durxqg uvw eluwk zh kdyh vruwhg wkh
gdwd dffruglqj wr |hduv vlqfh wkh lqwhuuxswlrq1 Lq Iljxuh 4/ phdq zdjhv6 duh
vkrzq iru wkuhh hgxfdwlrq jurxsv= Xqvnloohg2Orzo| Vnloohg/ Vnloohg2Dssuhqwlfhv
dqg Kljko| Vnloohg1 Wkh yhuwlfdo olqh uhsuhvhqwv wkh |hdu lq zklfk pdwhuqlw| ohdyh
lv wdnhq= wkh qhjdwlyh qxpehuv rq wkh {0d{lv uhihu wr wkh qxpehu ri |hduv ehiruh
wkh uvw eluwk zkloh wkh srvlwlyh qxpehuv rq wkh {0d{lv uhihu wr qxpehu ri |hduv
diwhu wkh uvw eluwk1 Dv wkh judsk fohduo| srlqwv rxw wkhuh duh kxjh zdjh hhfwv
durxqg wkh uvw eluwk1
6Wkh zdjhv duh gh￿qhg dv wkh orjdulwkp ri gdlo| zdjhv1 Rqo| zdjhv fruuhvsrqglqj wr ixoo
wlph hpsor|phqw duh lqfoxghg1
6Wklv ulvhv wkuhh pdlq lvvxhv wkdw zh dgguhvv lq wklv vwxg|1 Iluvw/ ehiruh eluwk
lw lv zruwkqrwlfh wkdw iru doo hgxfdwlrq jurxsv phdq zdjhv vwduw wr ghfolqh wzr
|hduv ehiruh uvw eluwk1 Vr zkdw zh vhh khuh lv dfwxdoo| d gls lq wkh zdjh0suroh
mxvw ehiruh ihpdoh zrunhuv wdnh pdwhuqlw| ohdyh17 Wkh judsk lqglfdwhv wkdw wkh
gls lv prvw surqrxqfhg iru wkrvh zlwk d judgxdwh ghjuhh1 Wkhuh pljkw eh pdq|
uhdvrqv iru wklv gls/ dqg rqh ri wkh jrdov ri wklv sdshu lv wr vfuxwlql}h zkdw lv
jrlqj rq lpphgldwho| ehiruh wkh eluwk1 Vhfrqg/ zdjhv duh vxevwdqwldoo| orzhu diwhu
pdwhuqlw| ohdyh1 Hyhq wkrxjk wklv qglqj pd| eh kljko| vhqvlwlyh wr vhohfwlrq lqwr
zrun diwhu jlylqj eluwk/ wkh vhohfwlrq lq wklv fdvh vhhpv wr uhvxow lq xqghuvwdwlqj
wkh orvv ehfdxvh rqh pd| h{shfw wkdw wkrvh zkr duh rhuhg d yhu| orz zdjh diwhu
jlylqj eluwk duh ohvv olnho| wr wdnh wkh mre dqg uhwxuq wr zrun1 Krzhyhu/ wklv
lvvxh zloo eh pruh fduhixoo| h{dplqhg lq wkh sdshu/ zkhuh zh dovr dwwhpsw wr
ghfrpsrvh wkh orvv gxh wr glhuhqw idfwruv l1h1 wkh gxudwlrq ri pdwhuqlw| ohdyh
dqg lqglylgxdo fkdudfwhulvwlfv1 Wklug/ lw vhhpv wkdw wkh hduqlqjv suroh lv  dwwhu
diwhu jlylqj eluwk wkdq ehiruh1 Krzhyhu/ lw lv gl!fxow wr whoo zkhwkhu wklv lv sxuho|
gxh wr wkh vhohfwlrq surfhvv edfn wr zrun ru zkhwkhu wkh suroh dfwxdoo| lv  dwwhu
wkdq lq wkh skdvh ehiruh wkh lqwhuuxswlrq1 Wklv sureohp zloo eh dovr dgguhvvhg lq
wkh vxevhtxhqw dqdo|vhv1
Zh dvvxph wkh kxpdq fdslwdo wkhru| prgho18 Dv d iudphzrun iru rxu dqdo|vlv ri
zdjh hhfwv ri zrphq durxqg wkh uvw eluwk/ zh xvh dq dssurdfk yhu| vlplodu wr
wkh dssurdfk e| Mdfrevrq/ OdOrqgh dqg Vxoolydq +4<<6, zkr h{dplqhg hduqlqjv
orvvhv iru glvplvvhg zrunhuv1 Wkh| irxqg wkdw wkh hduqlqjv hhfwv fdq eh odehoohg
dv= wkh gls/ wkh gurs dqg wkh uhfryhu|1 Lq wklv sdshu zh zloo dgrsw wkhlu yrfdex0
odu| dqg wkh dqdo|vlv lv vwuxfwxuhg dorqj wkh wkuhh olih f|foh skdvhv= wkh suh0eluwk
7Wkh idfw wkdw zdjhv2hduqlqjv gurs sulru wr dq lqwhuuxswlrq lv dovr irxqg lq rwkhu eudqfkhv
ri wkh olwhudwxuh> iru lqwhuuxswlrqv gxh wr wudlqlqj vhh Dvkhqihowhu +4<:;, dqg iru lqwhuuxswlrqv
gxh wr glvsodfhphqw vhh Mdfrevrq/ OdOrqgh dqg Vxoolydq +4<<6,1
8Ehfnhu +4<97,1
7skdvh/ wkdw lv wkh gls sulru wr wkh lqwhuuxswlrq/ wkh lpphgldwh ehiruh dqg diwhu
eluwk skdvh/ wkdw lv wkh gurs durxqg wkh lqwhuuxswlrq/ dqg wkh diwhu eluwk skdvh/
wkdw lv wkh uhfryhu| diwhu wkh lqwhuuxswlrq1 Wr lqyhvwljdwh zdjh jurzwk dqg zdjh
orvvhv zh vshfli| dqg hvwlpdwh zdjh jurzwk htxdwlrqv iru hdfk skdvh1 Wklv ds0
surdfk kdv wkh dgydqwdjh wkdw vshflf phfkdqlvpv wkdw ohdg wr lqfuhdvlqj dqg
ghfuhdvlqj zdjhv lq hdfk vwdjh fdq eh wudfhg1 Wkh nh| sdudphwhuv duh wkh uhwxuq
wr zrun h{shulhqfh dqg wkh orvv iurp lqwhuuxswlrq1 Lq rughu wr uhfryhu wkh vwuxf0
wxudo sdudphwhuv/ wdnlqj lqwr dffrxqw xqrevhuyhg khwhurjhqhlw| dqg qrq0udqgrp
vdpsoh vhohfwlrq/ zh pdnh xvh ri wkh sdqho vwuxfwxuh ri wkh gdwd wkdw doorzv wr
xvh odjjhg yduldeohv dv lqvwuxphqwv dv vxjjhvwhg e| Duhoodqr dqg Erqg +4<<4,1
Ixuwkhupruh/ zh h{sorlw srolf| fkdqjhv wkdw lqfuhdvhg wkh pd{lpxp gxudwlrq ri
sduhqwdo ohdyh vhyhudo wlphv1 Lw zdv 9 prqwkv lq wkh plg ;3v dqg 6 |hduv lq wkh
<3v1
Iru wkh hpslulfdo dqdo|vlv zh xvh wkh LDEV9 wkdw lv dydlodeoh iru 4<:8 wr 4<<81 Wkh
LDEV lv wkh htxlydohqw vrfldo vhfxulw| gdwd dqg/ wkhuhiruh/ frqwdlqv sduwlfxoduo|
uholdeoh lqirupdwlrq rq zdjhv dqg zrun klvwrulhv/ iru rxu vdpsoh ri ihpdohv1 Iurp
wklv gdwd vhw zh h{wudfw d vdpsoh ri |rxqj ihpdohv/ djh 53 wr hduo| 73v1 Doo ri
wkhp duh iroorzhg ryhu wkhlu fduhhu iurp wkh ehjlqqlqj rqzdugv1 Wklv gdwd vdpsoh
rhuv sduwlfxodu dgydqwdjhv iru wklv w|sh ri dqdo|vlv1 Iluvw/ zh fdq revhuyh d odujh
qxpehu ri zrunhuv ryhu d orqj shulrg ri wlph lq wkh oderxu pdunhw wkdw lqfoxghv
wkh uvw lqwhuuxswlrq gxh wr sduhqwdo ohdyh1: Iru pruh wkdq 44/333 ihpdohv zh
revhuyh ehiruh uvw eluwk zdjhv/ dqg iru dssur{lpdwho| 9/833 zh revhuyh zdjhv
ehiruh dqg diwhu eluwk1 Lq dgglwlrq/ zh revhuyh ihpdohv zlwkrxw dq lqwhuuxswlrq
zklfk zh pdnh xv ri lq rughu wr ghqh d frqwuro jurxs1 Vhfrqg/ zh fdq phdvxuh
9LDEV deeuhyldwhv Lqvwlwxw i￿u Duehlwvpdunhw xqg Ehuxiviruvfkxqj Vdpsoh1
:Lq wkh wh{w zh xvh ￿uvw eluwk dowhuqdwlyho| wr wkh h{suhvvlrq ￿uvw sduhqwdo ohdyh/ pdwhuqlw|
ohdyh1
8dfwxdo zrun h{shulhqfh dftxlvlwlrq ehiruh dqg diwhu wkh lqwhuuxswlrq dv zhoo dv wkh
gxudwlrq ri wkh lqwhuuxswlrq gxh wr sduhqwdo ohdyh1; Wklv lv ehfdxvh oderxu pdunhw
klvwrulhv duh revhuyhg iurp wkh ehjlqqlqj dqg vwdwxv fdq eh glvwlqjxlvkhg lq juhdw
ghwdlo1 Lq dgglwlrq/ frqwurov iru djh/ up dqg rffxsdwlrq duh dydlodeoh1 Wklug/
pxowlsoh vshoov hqdeoh xv wr frqvwuxfw odjjhg yduldeohv wkdw fdq eh h{sorlwhg iru
wkh prphqw frqglwlrqv1 Wkh gdwd/ krzhyhu/ lv qrw zlwkrxw olplwdwlrqv1 Pdlq
vkruwfrplqjv gxh wr wkh odfn ri krxuv ri zrun zloo eh frpshqvdwhg e| xvdjh ri
vxssohphqwdu| vxuyh| gdwd wkdw zh ghvfuleh lq wkh pdlq wh{w ri wkh sdshu1
Wkh sdshu lv rujdqlvhg dv iroorzv1 Lq vhfwlrq 5/ d vkruw uhylhz ri wkh h{lvwlqj
olwhudwxuh lv jlyhq1 Vhfwlrq 6 ghvfulehv lqvwlwxwlrqdo ihdwxuhv ri wkh pdwhuqlw| dqg
sduhqwdo ohdyh vfkhphv lq Jhupdq|1 Vhfwlrq 7 frqwdlqv d gdwd ghvfulswlrq dqg
lq vhfwlrq 8 wkh hfrqrphwulf prgho lv vwdwhg1 Vhfwlrq 9 glvfxvvhv wkh hvwlpdwlrq
uhvxowv dqg qdoo|/ lq vhfwlrq :/ zh frqfoxgh1
5 Suhylrxv hylghqfh
Prvw ri wkh vwxglhv h{dplqlqj hhfwv ri pdwhuqlw| ohdyh dqg fkloguhq kdyh ehhq
frqfhuqhg zlwk wkh hhfwv rq oderxu vxsso| dqg wkh wlplqj ri eluwkv1 Rqo| d ihz
hpslulfdo vwxglhv lqyhvwljdwh wkh lpsdfw ri pdwhuqlw| ohdyh dqg kdylqj fkloguhq
rq wkh lqglylgxdo zdjh surfhvv1 Wkh prvw frpprq dssurdfk wr dqdo|vh wkh zdjh
hhfw ri kdylqj fkloguhq kdv ehhq wr hvwlpdwh d fklog shqdow|1 Wkdw lv frpsdulqj
wkh zdjhv ri zrphq zlwk fkloguhq wr wkrvh ri fklogohvv zrphq zkhq frqwuroolqj iru
revhuyhg fkdudfwhulvwlfv1 Wkh glhuhqfh lq zdjhv lv riwhq fdoohg wkh idplo| jds1
Dowkrxjk wkh hylghqfh lv pl{hg/ prvw vwxglhv qg d vljqlfdqw fklog shqdow|1 D
vljqlfdqw fklog shqdow| lv irxqg iru wkh XV dqg wkh XN +vhh Zdogirjho +4<<;,,/
iru XN +vhh Mrvkl/ Sdfl dqg Zdogirjho +4<<<,, dqg iru Fdqdgd +vhh Sklssv/ Exuwrq
;Zh surylgh pruh ghwdlov rq krz zh phdvxuh sduhqwdo ohdyh gxudwlrq lq wkh pdlq wh{w1
9dqg Ohwkeuljgh +5334,,1 Rq wkh rwkhu kdqg qr hylghqfh ri d fklog shqdow| lv irxqg
iru Ghqpdun +vhh Gdwwd Jxswd dqg Vplwk +5334, dqg iru Vzhghq +vhh Doeuhfkw
hw do1/ 4<<<,,<1
Lq wkh olwhudwxuh glhuhqw k|srwkhvhv iru wkh h{lvwhqfh ri d fklog shqdow| kdyh ehhq
rhuhg1 Rqh srwhqwldo h{sodqdwlrq iru orzhu zdjhv ri prwkhuv lv wkdw zrphq zlwk
fkloguhq kdyh lqwhuuxswlrqv ri wkhlu oderxu pdunhw fduhhu gxh wr d pdwhuqlw| ohdyh
vshoo1 Wkh lqwhuuxswlrq zloo uhvxow lq ohvv zrun h{shulhqfh ri prwkhuv frpsduhg wr
fklogohvv zrphq1 Lq Zdogirjho +4<<:/ 4<<;,/ wklv sureohp lv dgguhvvhg e| xvlqj
dfwxdo h{shulhqfh lqvwhdg ri srwhqwldo h{shulhqfh/ exw vkh vwloo qgv d vljqlfdqw
fklog shqdow| iru zrphq1 Ixuwkhupruh/ lw kdv dovr ehhq vxjjhvwhg wkdw lqwhu0
uxswlrqv frxog kdyh qhjdwlyh hhfwv rq hduqlqjv1 Wkhvh qhjdwlyh hhfwv fdq eh
h{sodlqhg e| ghsuhfldwlrq ri wkh kxpdq fdslwdo +Plqfhu dqg Srodfkhn +4<:7,,1
Doeuhfkw/ Hglq/ Vxqgvwurp dqg Yurpdq +4<<;, dqdo|vh wkh hhfw ri dq lqwhuuxs0
wlrq rq vxevhtxhqw hduqlqjv xvlqj Vzhglvk gdwd1 Wkh| qg qhjdwlyh hhfwv ri dq
lqwhuuxswlrq/ dqg/ ixuwkhupruh/ wkh| qg wkdw glhuhqw hhfwv ri glhuhqw nlqgv
ri lqwhuuxswlrqv1 Lqwhuuxswlrqv gxh wr xqhpsor|phqw fdxvh juhdwhu orvvhv wkdq
lqwhuuxswlrqv gxh wr pdwhuqlw| ohdyh dqg fklog fduh1 Lq Nxq}h +5334, qhjdwlyh
hhfwv ri lqwhuuxswlrqv duh irxqg iru |rxqj zrphq lq Jhupdq|1 Wkh hhfw iru
lqwhuuxswlrq gxh wr pdwhuqlw| ohdyh lv juhdwhu wkdq lqwhuuxswlrq gxh wr xqhpsor|0
phqw1
D vhfrqg k|srwkhvlv h{sodlq wkh fklog shqdow| e| khwhurjhqhlw| dprqj zrphq1
Wkh xqghuo|lqj lghd lv wkdw zrphq kdyh glhuhqw delolwlhv/ wkdw lv riwhq xqre0
vhuyhg/ ru surgxfwlylw| dqg wkhvh fkdudfwhulvwlfv pd| eh fruuhodwhg zlwk wkh ihuwlo0
lw|1 Lq Oxqgehuj dqg Urvh +5333,/ wkh| qg wkdw prwkhuv sulru wr wkhlu uvw eluwk
hduq qlqh shufhqw ohvv wkdq zrphq zkr uhpdlq fklogohvv1 Wr ghdo zlwk wklv dvshfw
prvw ri wkh vwxglhv dsso| d {hg hhfwv hvwlpdwru lq rughu wr uhpryh xqrevhuyhg
<Iru pruh ghwdlov rq wkhvh vwxglhv vhh Wdeoh D514 lq Dsshqgl{ 5 dw wkh hqg ri wklv sdshu1
:fkdudfwhulvwlfv olnh wdvwh dqg delolw|1
Wkh fkrlfh ri vhfwru ru w|sh ri mre kdv dovr ehhq vxjjhvwhg dv d srvvleoh ghwhu0
plqdqw ri wkh fklog shqdow|1 Li zrphq zlwk fkloguhq fkrrvh wr zrun lq vhfwruv ru
w|shv ri mre zklfk duh lq jhqhudo fkdudfwhulvhg e| orzhu sd|phqw/ |hw shukdsv dovr
e| d pruh idplo| iulhqgo| zrunlqj hqylurqphqw/ wklv zloo ohdg wr d fklog shqdow|1
Lq Mrvkl/ Sdfl dqg Zdogirjho +4<<<, wkh fklog shqdow| lv h{dplqhg iru wzr fr0
kruwv ri Eulwlvk zrphq1 Wkhlu uhvxowv vkrz wkdw prwkhuv kdyh orzhu zdjhv wkdq
fklogohvv zrphq1 E| xvlqj wkh Rd{dfd ghfrpsrvlwlrq wkh| qg wkdw sduw ri wkh
idplo| jds fdq eh dwwulexwhg wr sduw wlph hpsor|phqw1 \hw/ hyhq dprqj ixoo wlph
hpsor|hg zrphq wkhuh lv hylghqfh ri d fklog shqdow|1 Gdwwd Jxswd dqg Vplwk
+5333, h{sorlw wklv k|srwkhvlv e| hvwlpdwlqj wkh hhfw iru wkh sulydwh dqg sxeolf
vhfwru vhsdudwho|1 Wkh| qg txlwh vxusulvlqjo| wkdw wkhuh dfwxdoo| lv d srvlwlyh
hhfw ri kdylqj fkloguhq lq wkh sxeolf vhfwru1 Wklv lvvxh lv dovr wkh wrslf iru d
uhfhqw vwxg| e| Qlhovhq/ Vlprqvhq dqg Yhuqhu +5334,1 Wkh| h{dplqh wkh zdjh
hhfwv ri fduhhu lqwhuuxswlrq lq d prgho zkhuh wkh fkrlfh ri vhfwru lv hqgrjhqrxv1
E| xvlqj gdwd rq Gdqlvk zrphq/ wkh| qg vpdoo zdjh hhfwv lq wkh sxeolf vhfwru
zkloh wkhuh duh qr hhfw lq wkh sulydwh vhfwru1
D forvho| uhodwhg h{sodqdwlrq lv wkdw mre0prelolw| ri prwkhuv lv uhodwlyho| orz1
Li prwkhuv duh ohvv olnho| wr vhdufk iru qhz mrev ehfdxvh ri kljk vhdufk frvwv/
iru h{dpsoh/ wkh| pd| uhpdlq lq mrev wkdw duh d edg pdwfk dqg pruh vorzo|
lpsuryh wkh txdolw| ri wkhlu mre pdwfk1 Wklv ohdgv wr orzhu hduqlqjv frpsduhg
wr vlplodu fklogohvv zrphq1 Vlqfh wkh ihuwlolw| shulrg riwhq fodvkhv zlwk wkh hduo|
fduhhu/ wkh orvv gxh wr prwkhukrrg pljkw ghshqg rq wkh wlplqj ri wkh fkloguhq
lq uhodwlrq wr wkh oderxu pdunhw fduhhu1 Krzhyhu/ Zdogirjho +4<<;, dqg Sklssv/
Exuwrq dqg Ohwkeulgjh +5334, qg wkdw uhwxuqlqj wr wkh vdph hpsor|hu diwhu wkh
pdwhuqlw| ohdyh dfwxdoo| kdv d srvlwlyh hhfw rq zdjhv/ exw wklv pljkw eh ehfdxvh
vwd|lqj zlwk wkh vdph hpsor|hu dfwxdoo| dfwv dv d nlqg ri lqvxudqfh djdlqvw lqfrph
;orvv1 Ixuwkhupruh Zdogirjho +4<<;, qgv wkdw wkh vl}h ri zdjh orvv gxh wr wdnlqj
pdwhuqlw| ohdyh ghshqgv rq zkhwkhu wkh zrpdq zdv fryhuhg e| d pdwhuqlw| ohdyh
vfkhph1
Iliwk/ d k|srwkhvlv wr h{sodlq wkh fklog shqdow| lv wkdw zrphq zlwk fkloguhq lq0
yhvw ohvv hruw dqg duh/ khqfh/ ohvv surgxfwlyh143 Wklv k|srwkhvlv lv lqyhvwljdwhg
e| Sklssv/ Exuwrq dqg Ohwkeuljgh +5334, zkr dujxh wkdw wkh pruh wlph zrphq
vshqg rq krxvhzrun dqg fklog fduh wkh ohvv hqhuj| wkh| kdyh iru wkhlu oderxu pdu0
nhw fduhhu1 E| lqfoxglqj qxpehuv ri krxuv vshqw rq xqsdlg zrun lq wkh hvwlpdwlrq
wkh| qg wkdw wkh fklog shqdow| ghfolqhv/ exw uhpdlqv vljqlfdqw1 Uhodwhg wr wklv
k | s r w k h v l vl vw k hglvfulplqdwlrq k|srwkhvlv/ zklfk vxjjhvwv wkdw hpsor|huv sd|
zrphq zlwk fkloguhq ohvv ehfdxvh wkh| wklqn wkh| duh ohvv surgxfwlyh1
Wkh qdo k|srwkhvlv wkdw zh glvfxvv lq wklv sdshu frqfhuqv wkh idfw wkdw ihuwlolw|
frxog eh hqgrjhqrxv wr wkh zdjh surfhvv1 Wkh lghd lv wkdw zrphq zkr duh qrw
surprwhg ru gr qrw vxffhhg wr pdnh d jrrg pdwfk pd| lqvwhdg fkrrvh wr kdyh
d fklog ru wkdw zrphq zkr duh vxffhvvixo lq wkhlu oderxu pdunhw fduhhu pljkw
srvwsrqh kdylqj fkloguhq ru fkrrvh qrw wr kdyh fkloguhq1 Wr rxu nqrzohgjh wklv
k|srwkhvlv kdv qrw ehhq h{dplqhg |hw1
6 Lqvwlwxwlrqv dqg srolf| fkdqjhv
614 Wkh Jhupdq pdwhuqlw| dqg sduhqwdo ohdyh uhirupv
Jhupdq| kdv rqh ri wkh prvw jhqhurxv sduhqwdo ohdyh dqg ehqhw srolflhv144
Iru wkh shulrg 4<:8 wr 4<<8/ wzr odzv duh prvw uhohydqw iru wkh ghvfulswlrq
ri wkh pdwhuqlw| dqg sduhqwdo ohdyh v|vwhp1 Wkhvh duh wkh pdwhuqlw| surwhf0
43Ehfnhu +4<;8,1
44Iru dq lqwhuqdwlrqdo frpsdulvrq vhh Eodx dqg Ndkq/ 4<<81
<wlrq odz +Pxwwhuvfkxw}jhvhw}, dqg wkh ihghudo fklog0uhdulqj ehqhw odz +Exqghu0
hu}lhkxqjvvjhogjhvhw},1 Dgglwlrqdoo|/ wkh surwhfwlrq odz djdlqvw zurqjixo glv0
plvvdo Nÿqglqjxqjvvfkxw}jhvhw} dssolhv1
Rqo| vlqfh 4<:< kdyh hpsor|hg prwkhuv ehhq holjleoh iru pdwhuqlw| ohdyh dqg
ehqhwv145 Ehiruh wklv wlph/ pdwhuqlw| surwhfwlrq lq wkh irup ri iruelgglqj zrun
kdv kdg d orqj klvwru|/ wkrxjk/ jrlqj edfn wr wudgh uhjxodwlrqv wkdw wrrn hhfw
lq 4;:;1 Iurp 4<:< wr 4<;8/ ohjdo uhjxodwlrqv zhuh uhvwulfwhg wr prwkhuv wdnlqj
ohdyh/ zkloh vlqfh 4<;9 idwkhuv kdyh ehhq deoh wr wdnh ohjdoo| surwhfwhg ohdyh dv
zhoo1 Iru idwkhuv/ vwloo/ wdnlqj sduhqwdo ohdyh lv wkh uduh h{fhswlrq> lq <: shufhqw
ri doo fdvhv lw lv wkh prwkhu zkr wdnhv sduhqwdo ohdyh1
Wkh whup surwhfwhg ohdyh lpsolhv wkdw wkh sduhqw kdv wkh rswlrq wr uhwxuq wr
wkh mre/ l1h1 d frpsdudeoh mre/ khog ehiruh suhjqdqf| ri wkh prwkhu> khqfh/
wkh hpsor|hu pxvw krog wkh mre dydlodeoh xqwlo wkh surwhfwhg ohdyh h{sluhv dqg
fdqqrw uh wkh zrunhu gxulqj wklv shulrg1 Xvxdoo| gxulqj wkh uvw vl{ prqwkv/
frpshqvdwlrq pd| eh sdlg lq irup ri ehqhwv e| wkh khdowk lqvxudqfh/ e| wkh
v w d w hr ul qi r u pr iz d j h vs d l ge |w k h u p 1 D i w h u z d u g vw k hh p s o r | h u 0 h p s o r | h h
uhodwlrq lv rq krog zlwkrxw dq| fodlpv iru zdjh sd|phqwv wr wkh hpsor|hh1
AIurp 4<;3 xqwlo 4<;8/ uhjxodwlrqv zhuh edvhg rq wkh pdwhuqlw| surwhfwlrq odz
+Pxwwhuvfkxw}jhvhw},1 Lw frqwdlqv irxu pdlq uhjxodwlrqv= Iluvw/ zrphq fdq0
qrw eh glvplvvhg gxulqj suhjqdqf| dqg xqwlo 7 prqwkv diwhu gholyhu|1 Vhfrqg/
prwkhuv pxvw qrw zrun 9 zhhnv ehiruh dqg ; zhhnv diwhu gholyhu| +wkh pdwhuqlw|
surwhfwlrq,1 Wklug/ prwkhuv duh hqwlwohg wr 7 prqwkv surwhfwhg pdwhuqlw| ohdyh
diwhu wkh pdwhuqlw| surwhfwlrq shulrg1 Irxuwk/ prwkhuv duh hqwlwohg wr 9 prqwkv ri
pdwhuqlw| ehqhwv diwhu fklogeluwk1 Lq 4<;9 wkh ihghudo fklog0uhdulqj ehqhw odz
+Exqghvhu}lhkxqjvjhogjhvhw}, wrrn dfwlrq zklfk uhsodfhg wkh frqfhsw ri pd0
45Iru frpsdulvrq/ lq wkh X1V1 wkh ￿uvw odz d￿hfwlqj sduhqwdo ohdyh zdv lqwurgxfhg pxfk odwhu1
Lw lv wkh Idplo| dqg Phglfdo Ohdyh Dfw ri 4<<61
43whuqlw| ohdyh e| wkh frqfhsw ri sduhqwdo ohdyh1 Gxudwlrqv ri pdwhuqlw| ru sduhqwdo
ohdyh/ duh vxppdulvhg lq Wdeoh 41
Nh| srolf| fkdqjhv gxulqj wkh ;3v xqwlo wkh plg <3v fdq eh vxppdulvhg lq wkuhh
srlqwv= Iluvw/ lq 4<;9 wkh vzlwfk iurp d sxuho| pdwhuqlw| ohdyh v|vwhp wr d
sduhqwdo ohdyh v|vwhp wrrn sodfh1 Vhfrqg/ lq 4<<4 surwhfwhg ohdyh zdv h{whqghg
wr wkuhh |hduv1 Wklug/ pdwhuqlw| dqg sduhqwdo ohdyh ehqhwv fkdqjhg zlwk uhvshfw
wr wkh dprxqw dqg holjlelolw|1
Xqwlo 4<;9/ lq rughu wr eh holjleoh iru pdwhuqlw| ehqhwv prwkhuv kdg wr eh hp0
sor|hg +dqg qrw vhoi hpsor|hg,1 Vlqfh 4<;9/ doo prwkhuv dqg idwkhuv fdq fodlp
ehqhwv> dovr qrw0vdodulhg sduhqwv1
Lq wkh ihghudo fklog0uhdulqj ehqhw odz/ dv zhoo dv lq vxevhtxhqw dphqgphqwv
ri wkh odz/ wkh shulrg ri surwhfwhg ohdyh zdv vhtxhqwldoo| h{whqghg dqg/ doprvw
dffruglqjo|/ wkh shulrg ri hqwlwohphqw wr ehqhwv wrr1 Wkh| duh olvwhg lq Wdeoh 41
Iru lqvwdqfh/ iurp 4<;9 wr 4<;; wkh surwhfwlrq shulrg zdv h{whqghg wr ; prqwkv/
dqg wkxv/ hqwlwohphqw wr ehqhwv wr 43 prqwkv/ zklfk lqfoxghv wzr prqwkv ri
pdwhuqlw| surwhfwlrq1 Krzhyhu/ holjlelolw| iru ixoo gxudwlrq ri ehqhwv edvhg rq
wkh fklog0uhdulqj ehqhw odz lv phdqv whvwhg1
Wkhvh srolf| fkdqjhv duh sduwlfxodu xvhixo iru lghqwlfdwlrq ri zdjh hhfwv1 Iluvw/
rqh fdq dvvxph h{rjhqhlw| wr wkh zdjh surfhvv1 Wklv lv sduwlfxoduo| wkh fdvh
ehfdxvh odz fkdqjhv dsso| wr fkloguhq eruq diwhu d fhuwdlq gdwh lq wkh qhdu ixwxuh1
Khqfh/ dovr jlyhq wkh lpshuihfw h{shfwdwlrq derxw kdylqj fkloguhq/ rqh pd| fodlp
wkdw lqglylgxdov zloo qrw fkdqjh wkhlu ehkdylrxu uhjduglqj kdylqj fkloguhq ehfdxvh
ri dq h{shfwhg h{whqghg sduhqwdo ohdyh1 Dowkrxjk sduhqwv fdq fkdqjh wkh gxudwlrq
ri wkh sduhqwdo ohdyh lq wkh udqjh ri wkh pd{lpxp ohdyh judqwhg e| odz dw wkh
wlph ri eluwk ri wkhlu fkloguhq/ wkh| fdqqrw wdnh gluhfwo| dgydqwdjh ri wkh srolf|
fkdqjh146
46Krzhyhu/ rqh pd| dujxh wkdw wkh| fdq sodq wr kdyh d vhfrqg 0 ixuwkhu 0 fklog gxh wr
44Ehiruh 4<;9/ ehqhwv udqjhg iurp 6183 wr 58133 Jhupdq Pdun shu gd|471W k h
dprxqw ghshqgv rq wkh lqfrph gxulqj wkh suhylrxv wkuhh prqwkv ehiruh gholyhu|
ri wkh fklog1 Li wkh dyhudjh lqfrph zdv kljkhu wkdq ehqhwv sdlg/ wkh prwkhu zdv
hqwlwohg wr dq hpsor|hu vxssohphqw gxulqj wkh pdwhuqlw| surwhfwlrq shulrg/ l1h1
wzr prqwkv diwhu eluwk ri wkh fklog/ htxdo wr wkh glhuhqfh1 Iurp wkh wklug prqwk
diwhu eluwk ri wkh fklog rqzdugv wkh pd{lpxp zdv 4:133 Jhupdq Pdun shu gd|1
Vlqfh 4<;9/ ehqhwv fdq eh fodlphg iru orqjhu/ exw ghshqg wkhq rq wkh dqqxdo
qhw idplo| lqfrph wzr |hduv ehiruh eluwk ri wkh fklog1 Ehqhwv duh uhgxfhg rq d
volglqj vfdoh edvlv148
Xqghu wkh suhvxpswlrq wkdw zh kdyh lqirupdwlrq rq krxvhkrog lqfrph/ rqh pd|
pdnh xvh ri wkh srolf| fkdqjhv uhjduglqj ehqhwv wrr1 Krzhyhu/ wkh| duh kdug
wr glvhqwdqjoh1 Ixuwkhupruh/ rqh pd| qrwh wkdw uhsodfhphqw udwhv duh rqo| kljk
gxulqj wkh uvw vl{ prqwkv ri pdwhuqlw| ohdyh1 \hw wkh pdmrulw| ri zrphq wdnhq
orqjhu ohdyh wkdq wkdw1 Hhfwv ri ehqhw uhfhlsw diwhu wkh vl{wk prqwk pd| rqo|
eh fuxfldo iru orz lqfrph sduhqwv/ ru vlqjoh sduhqwv1 Dffruglqj wr wkh Uhlfkvyhu0
vlfkhuxqjvrugqxqj +{ 533/ UYR/93, pdwhuqlw| ehqhwv duh edvhg rq qhw prqwko|
hduqlqjv wkdw duh fdofxodwhg dv jurvv prqwko| hduqlqjv plqxv doorzdqfhv +jhvhw0
}olfkh De}ÿjh,1
Dv ghvfulehg deryh wkh pdwhuqlw| ohdyh v|vwhp lq Jhupdq| zdv vxemhfw wr vhyhudo
uhirupv gxulqj wkh ;3*v1 Zh eulh | vxppdulvh rwkhu vwxglhv dqdo|vlqj wkh uhirupv
lq wkh pdwhuqlw| ohdyh v|vwhp1 Prvw ri wkhvh vwxglhv kdyh ehhq frqfhuqhg zlwk
wkh uhirupv* lpsdfw rq oderxu irufh sduwlflsdwlrq iru zrphq1
Rqgulfk hw do1 +4<<<, prgho wkh ghflvlrq wr uhwxuq wr zrun diwhu kdylqj fkloguhq
lpsuryhg ohjdo iudphzrun1 Zh fdqqrw wdnh wklv lqwr frqvlghudwlrq jlyhq rxu gdwd1
47Wkhvh fruuhvsrqg wr wkh 933 Jhupdq Pdun shu prqwk sdlg e| wkh khdowk lqvxudqfh1
48Qr ehqh￿wv duh sdlg li wkh idplo| lqfrph lv juhdwhu wkdq 5</733 Jhupdq Pdunv shu |hdu/
ru/ lq fdvh ri vlqjoh sduhqwv/ li wkh |hduo| lqfrph lv juhdwhu wkdq 56/:33 Jhupdq Pdunv1 Hdfk
dgglwlrqdo fklog lqfuhdvhv wkh ehqfkpdun e| 7/533 Jhupdq Pdun1
45dqg hydoxdwh wkh hhfw ri wkh h{whqvlrqv ri wkh gxudwlrq ri sduhqwdo ohdyh rq wkh
ghflvlrq wr uhwxuq wr zrun1 Jhupdq odz jxdudqwhhv d mre zlwklq wkh up ri hp0
sor|phqw ehiruh ohdyh1 Krzhyhu/ wkh| dvvxph wkdw wkh suredelolw| ri uhsodfhphqw
lqfuhdvhv zlwk wkh gxudwlrq ri pdwhuqlw|2sduhqwdo ohdyh1 Khqfh/ wkh hpsor|hu
pd| ghflgh wr sodfh wkh zrpdq diwhu uhwxuq rq d mre srvlwlrq rq d orzhu vfdoh
sd|> vlqfh wkh| kdyh kluhg vrphrqh hovh iru khu iruphu srvlwlrq1
Lq Rqgulfk hw do1 +4<<9,/ wkh| qg wkdw gxulqj wkh ohdyh prwkhuv duh ohvv olnho| wr
uhwxuq wr zrun wkh orqjhu lv wkh wlph ohiw lq wkh ohdyh surwhfwlrq shulrg> krzhyhu/
wklv uhvxow fdqqrw eh dwwulexwhg jhqhudoo| wr kljk ohyhov ri pdwhuqlw| ehqhwv1
Zkhq wkh ohdyh surwhfwlrq shulrg hqgv/ prwkhuv zlwk vwurqj oderxu irufh dw0
wdfkphqw uhwxuq wr wkhlu mrev1 Wkhuh kdyh ehhq rwkhu vwxglhv pdnlqj xvh ri wkh
srolf| fkdqjhv lq Jhupdq sduhqwdo ohdyh +Nohlq dqg Eudxq/ 4<<8> Jxvwdivvrq/ hw
do1/ 4<<9,1 Wkh| lqfoxgh gxpplhv lq kd}dug udwh prghov iru wkh |hduv ri wkh srolf|
fkdqjh1 Wkh| duh lqwhuhvwhg lq h{sodlqlqj glhuhqfhv lq sduwlflsdwlrq udwhv1
7 Wkh gdwd
Zh xvh wkh LDE hpsor|phqw vdpsoh +LDEV,49 iru Zhvw0Jhupdq| wkdw lv dydlodeoh
iru wkh shulrg 4<:8 wr 4<<8 dqg lv dq dgplqlvwudwlyh hyhqw klvwru| gdwd vhw1 Wkh
LDEV lv d 4 shufhqw udqgrp vdpsoh gudzq iurp wkh hyhqw klvwru| gdwd oh ri
wkh vrfldo vhfxulw| lqvxudqfh vfkhph/ wkh hpsor|phqw vwdwlvwlfv/ froohfwhg e| wkh
Jhupdq Ihghudo Exuhdx ri Oderxu1 Wkh idfw wkdw wkh gdwd zdv froohfwhg iru
dgplqlvwudwlyh sxusrvhv lv dq reylrxv dgydqwdjh dqg pdnhv wkh gdwd sduwlfxoduo|
uholdeoh1 Wkh LDEV frqwdlqv doo zrunhuv lq Zhvw0Jhupdq| zkr kdyh kdg dw ohdvw
rqh hpsor|phqw vshoo holjleoh wr wkh vrfldo vhfxulw| lqvxudqfh vfkhph1 Dv d uhvxow/
lqfoxghg duh doo ghshqghqw hpsor|hhv lq wkh sulydwh vhfwru/ l1h1 derxw ;3 shufhqw
49LDEV deeuhyldwhv Lqvwlwxw i￿u Duehlwvpdunhw xqg Ehuxiviruvfkxqj Vdpsoh1
46ri wrwdo hpsor|phqw lq Zhvw0Jhupdq|1 Qrw lqfoxghg duh= flylo vhuydqwv/ vhoi0
hpsor|hg/ xqsdlg idplo| zrunhuv dqg shrsoh zkr duh qrw holjleoh iru ehqhwv
iurp wkh vrfldo vhfxulw| v|vwhp14:
Wkh hyhqw klvwru| gdwd lqfoxghv lqirupdwlrq rq hyhu| fkdqjh lq zrunlqj vwdwxv
glvwlqjxlvkhg lqwr ixoo0wlph zrun/ sduw0wlph zrun/ lqwhuuxswlrqv dqg xqhpsor|0
phqw1 Lqwhuuxswlrqv lqglfdwh wkdw wkh hpsor|hu0hpsor|hh uhodwlrqvkls lv rq krog/
|hw wkh frqwudfw vwloo ydolg1 Lq wklv fdvh qr zdjh sd|phqwv duh pdgh1 Xqhpsor|0
phqw lv uhsruwhg lq fdvh ri uhfhlsw ri xqhpsor|phqw lqvxudqfh ru xqhpsor|phqw
dvvlvwdqfh1 Hyhu| rwkhu vwdwxv wkdw grhv qrw idoo lq hlwkhu ri wkhvh fdwhjrulhv
uhvxowv lq d jds ri wkh lqglylgxdo uhfrug ri vshoov uhsruwhg lq wkh gdwd1 Dv d
uhvxow lqwhuuxswlrqv uhsruwhg iru |rxqj zrunhuv fdq eh xvhg wr lghqwli| pdwhuqlw|
0 ru sduhqwdo 0 ohdyh iru |rxqj ihpdohv1 Sduhqwdo ohdyh/ dv srlqwhg rxw/ lv yhu|
h{fhswlrqdo iru pdohv1 Pruh jhqhudoo|/ lqwhuuxswlrqv pd| eh uhsruwhg li d zrun
lv devhqw iru d orqjhu shulrg ri wlph gxh wr khdowk sureohpv/ iru h{dpsoh1 Zh
dvvxph wkdw wklv grhv qrw dsso| lq d vljqlfdqw qxpehu ri fdvhv ri |rxqj ihpdohv1
Lq sduwlfxodu/ zh pd| qrw uxq lqwr phdvxuhphqw huuru sureohpv vlqfh zh irfxv rq
wkh uvw lqwhuuxswlrq/ wkdw zh lqwhusuhw dv wkh uvw eluwk1 Wkh LDEV grhv frqwdlq
d yduldeoh qxpehu ri fkloguhq wkdw lv jhqhudwhg rq wkh edvlv ri wkh wd{ fdugv1
Krzhyhu/ wkh txdolw| ri wkh yduldeoh lv yhu| srru iru ihpdohv/ lq sduwlfxodu/ dv lw
kdv dovr ehhq dgplwwhg e| wkh gdwd surgxfhu1 Khqfh/ zh uhiudlq iurp xvlqj wklv
yduldeoh14;
AIurp wkh LDEV zh jhqhudwh d vdpsoh ri |rxqj ihpdoh zrunhuv zkrvh srvw0
vfkrrolqj zrun klvwru| lv revhuyhg iurp wkh ehjlqqlqj1 Zh glvwlqjxlvk wkuhh vnloo
ohyhov= xqvnloohg dqg orzo| vnloohg/ wkh vnloohg/ dqg judgxdwhv1 Vnloohg zrunhuv
4:Iru pruh ghwdlov vhh Ehqghu dqg Klo}hqghjhq +4<<8,1
4;Fdofxodwlrq ri phdq qxpehu ri fkloguhq rq wkh edvlv ri wklv yduldeoh vkrzv wkdw lw xqghuhv0
wlpdwhv wkh qxpehu lq d lpsodxvleoh zd|1
47duh ghqhg dv wkrvh zkr kdyh xqghuwdnhq yrfdwlrqdo wudlqlqj zlwklq wkh Jhupdq
gxdo v|vwhp dssuhqwlfhvkls surjudpph dqg 43 |hduv ri vfkrrolqj +lqwhuphgldwh
vfkrrolqj ghjuhh,1 Wklv lv d yrfdwlrqdo wudlqlqj surjudpph wkdw frpelqhv vfkrro
dqg zrun0edvhg hgxfdwlrqdo surjudpphv1 Wklv kdv ehhq wkh pdlq urxwh lqwr wkh
oderxu pdunhw lq Jhupdq|/ lq sduwlfxodu/ vlqfh wkh :3*v1 930:3 shufhqw idoo lqwr
wklv fdwhjru|1 Xqvnloohg dqg orzo| vnloohg zrunhuv duh ghqhg dv wkrvh kdylqj qr
dgglwlrqdo wudlqlqj dw doo/ ru kdylqj vkruwhu hgxfdwlrq wkdq wkh vnloohg/ wkdw lv ohvv
wkdq 5 |hduv ri yrfdwlrqdo wudlqlqj ru froohjh lq dgglwlrq wr 43 |hduv ri vfkrrolqj14<
Judgxdwhv duh wkrvh zlwk 46 ru 45 |hduv ri vfkrrolqj dqg zkr dfklhyhg d whfkqlfdo
froohjh ghjuhh/ 6 wr 7 |hduv/ ru d xqlyhuvlw| ghjuhh/ 709 |hduv1
Lq rughu wr jhqhudwh frpsohwh zrun klvwrulhv zh dvvxph wkdw judgxdwhv duh qrw
roghu wkdq 56 lq 4<:8/ dqg hyhu|erg| hovh lv qrw roghu wkdq 49 lq 4<:81 Zh
jhqhudwh wkh yduldeoh djh dw hqwu| lqwr uvw hpsor|phqw lq rughu wr frqwuro iru
xqrevhuyhg khwhurjhqhlw| lq vfkrrolqj1 Zdjhv lq wkh LDEV duh uhsruwhg rq d
gdlo| edvlv dqg duh kljko| uholdeoh jlyhq wkdw wkh| duh fkhfnhg e| erwk gdwd
froohfwruv dqg hpsor|hhv1 Krzhyhu/ krxuv ri zrun duh qrw uhsruwhg1 E| irfxvlqj
rq ixoo0wlph zrunhuv/ zh plwljdwh wklv vkruw0frplqj1 Lq wkh hpslulfdo dqdo|vhv/
zh suhvhqw vxssohphqwdu| lqirupdwlrq iurp rwkhu gdwd vrxufhv wr vfuxwlql}h wklv
dvshfw1
Dv d uhvxow ri wkh vdpsoh ghvljq zh revhuyh frpsohwh zrun klvwrulhv lq wkh gdwd
wkdw doorzv xv wr revhuyh wkh dffxpxodwlrq surfhvv ri kxpdq fdslwdo iurp wkh
ehjlqqlqj/ dv zhoo dv zdjhv1 Lq rxu dqdo|vhv/ wkh pdlq yduldeohv duh wkh orjdulwk0
p l fz d j h /w k hz r u nk l v w r u |y d u l d e o h vzrun h{shulhqfh/w r w d owlph rxw ri zrun dv
zhoo dv wlph rxw ri zrun vhjphqwhg lqwr xqhpsor|phqw/ lqwhuuxswlrqv dqg rwkhu
qrq0zrun shulrgv/ dqg yduldeohv phdvxulqj rffxsdwlrq/ up dqg vnloo1 Wkh zdjh
4<Xqiruwxqdwho|/ zh fdqqrw glvwlqjxlvk lq wkh gdwd zkhwkhu lqglylgxdov judgxdwhv diwhu < ru
43 |hduv ri vfkrrolqj iurp wkh Kdxswvfkxoh ru Uhdovfkxoh1
48yduldeoh lv wkh orjdulwkp ri wkh gdlo| zdjh gh dwhg e| wkh FSL lqgh{1 Zh ghqh
wkh yduldeoh wlph rxw ri zrun dv wkh wrwdo wlph qrw lq vdodulhg zrun/ holjleoh wr
vrfldo vhfxulw|1 Lw fdq eh gluhfwo| jhqhudwhg dv wkh vxp ri gd|v lq ?e6R,J+6e?|/
?|eooR|J?r dqg qrq0zrun1 L?e6R,J+6e?| lv uhsruwhg lq wkh gdwd zkhq lqgl0
ylgxdov uhfhlyh xqhpsor|phqw lqvxudqfh1 Xqhpsor|phqw lqvxudqfh lv judqwhg wr
zrunhuv |rxqjhu wkdq 75 |hduv iru wkh pd{lpxp shulrg ri rqh |hdu> xqhpsor|0
phqw dvvlvwdqfh iru lqqlw| diwhuzdugv1 Dv ?|eooR|J?r zh odeho shulrgv wkdw
fdswxuh pdwhuqlw| ohdyh iru zrphq1 Wkh yduldeoh ?J?Jo& lv d uhvlgxdo jurxs
wkdw odehov jdsv ehwzhhq vshoov1 Wkhvh fdswxuh shulrgv rxw ri zrun gxh wr rwkhu
uhdvrqv wkdq xqhpsor|phqw ru pdwhuqlw| ohdyh153
8 Wkh hfrqrphwulf iudphzrun
Lq wklv vhfwlrq zh vshfli| d vwdwlvwlfdo iudphzrun wr vxppdulvh wkh hylghqfh rq
hduqlqjv jurzwk dqg hduqlqjv orvvhv durxqg uvw eluwk1 Wklv vshflfdwlrq lv lq0
whqghg wr hvwlpdwh vkruw dqg orqj uxq zdjh hhfwv suhfhglqj uvw eluwk dv zhoo
dv diwhu uhwxuqlqj wr zrun1
Wkh zdjh htxdwlrq suhvhqwhg lq wklv sdshu lv edvhg rq wkh fodvvlfdo kxpdq fdslwdo
prgho +vhh Ehfnhu +4<97, dqg Plqfhu +4<:7,,1 Zdjhv duh ghwhuplqhg e| d vlpsoh
prgho=
,?￿￿| ' %￿|q n B(| n"￿￿| +4,
zkhuh
"￿￿| ' D￿ n s￿￿E|￿ n ￿￿| +5,
53Wklv yduldeoh dovr lqfrusrudwhv/ iru h{dpsoh/ ixuwkhu hgxfdwlrq/ vhoi0hpsor|phqw dqg hp0
sor|phqw qrw holjleoh wr vrfldo vhfxulw|/ l1h1 mrev sdlg ohvv wkdq d orzhu vrfldo vhfxulw| wkuhvkrog
wkdw zdv 683 Jhupdq Pdun shu prqwk lq 4<:8 dqg 7:3 Jhupdq Pdun lq 4<<31
49Zh uhjuhvv wkh orjdulwkplf zdjh rq d vhw ri frqwurov/ %￿|/ dqg gxpp| yduldeohv
iru hdfk |hdu/ (|1 Wkh vxevfulsw  lqglfdwhv wkh lqglylgxdo/ | wlph shulrg dqg
 lqglfdwhv wkh up ri hpsor|phqw1 Lq wkh iroorzlqj zh zloo hvwlpdwh vhyhudo
vshflfdwlrqv ri wklv htxdwlrq1 Wkh pdlq yduldeohv lqfoxghg lq doo ri wkhp lv
zrun h{shulhqfh/ lqwhuuxswlrq gxh wr sduhqwdo ohdyh/ rffxsdwlrq dqg up {hg
hhfwv1 Wkh huuru whup lqfoxghv dq lqglylgxdo vshflf frpsrqhqw wkdw fdswxuhv
xqrevhuyhg lqglylgxdo vshflf fkdudfwhulvwlfv/ vxfk dv delolw| ru prwlydwlrq/ d
up dqg lqglylgxdo vshflf frpsrqhqw wkdw pd| ydu| ryhu wlph dqg phdvxuhv
wkh txdolw| ri d zrunhu up pdwfk/ dqg dq lglrv|qfudwlf vkrfn zlwk frqvwdqw
yduldqfh dqg }hur phdq1
Lq rughu wr ghvfuleh jurzwk zh wudqvirup htxdwlrq +4, lqwr uvw glhuhqfhv1
{,?￿￿| '{ % ￿|q n{ " ￿￿| +6,
zkhuh
{"￿￿| '{ s ￿￿E|￿ n{  ￿￿| +7,
Wklv ohdgv wr wkh holplqdwlrq ri doo lqglylgxdo vshflf revhuyhg dqg xqrevhuyhg
frpsrqhqwv1 Khqfh/ wkh frh!flhqwv ri wkh fkdqjh lq zrun h{shulhqfh/ gxpplhv
iru rffxsdwlrq fkdqjh dqg up fkdqjh fdq eh hvwlpdwhg1 Lq wkh hpslulfdo dqdo|vlv
zh zloo hqwluho| irfxv ri wkh jurzwk htxdwlrq1
Wkh xqghuo|lqj ehkdylrxudo prgho lv wkh kxpdq fdslwdo wkhru| prgho154 Lq wklv
iudphzrun zh dvvxph wkdw wkh kxpdq fdslwdo lv ghwhuplqhg e| wkh oderxu pdunhw
h{shulhqfh/ hgxfdwlrqdo dwwdlqphqw dqg delolw|1 Zh dvvxph wkdw wkh lqglylgxdo
delolw|/ suhihuhqfhv iru zrunlqj kdug dqg surgxfwlylw| duh frqvwdqw ryhu wlph dqg/
wkhuhiruh/ zdjh jurzwk lv qrw dhfwhg e| wklv1 Krzhyhu/ lq wkh hpslulfdo dqdo|vlv
zh zloo zhdnhq wklv dvvxpswlrq1
54Ehfnhu +4<97,/ Plqfhu +4<:7,1
4:Wkh nh| sdudphwhuv ri lqwhuhvw lq htxdwlrq +8, duh wkh uhwxuq wr zrun h{shulhqfh
dqg wkh hhfw ri lqwhuuxswlrq lq rughu wr ghvfuleh wkh zdjh suroh1 Iurp wkh
kxpdq fdslwdo wkhru| prgho lw iroorzv wkdw frh!flhqw ri wkh h{shulhqfh yduldeoh
lv srvlwlyh phdvxulqj uhwxuqv wr lqyhvwphqw1 E| frqwudvw/ wkh frh!flhqw ri wkh
lqwhuuxswlrq yduldeoh pd| eh qhjdwlyh fdswxulqj ghsuhfldwlrq ri kxpdq fdslwdo155
Lq wklv vshflfdwlrq/ zh h{foxgh whqxuh iurp wkh htxdwlrq1 Khqfh/ zh dvvxph wkdw
rqo| jhqhudo kxpdq fdslwdo dftxlvlwlrq dhfwv zdjhv1 Wklv kdv wkh dgydqwdjh wr
uhgxfh wkh srwhqwldo qxpehu ri hqgrjhqrxv yduldeohv1 Ixuwkhupruh/ lq rwkhu
vwxglhv lw kdv ehhq vkrzq iru Jhupdq| wkdw uhwxuqv wr whqxuh pd| eh vpdoo dqg
qhjoljleoh156
Ixuwkhupruh/ plvpdwfklqj pd| sod| d uroh lq ghwhuplqdwlrq ri wkh lqglylgxdo
zdjhv dv zhoo1 Vlqfh zh hvwlpdwh wkh zdjh irupdwlrq lq wkh ehjlqqlqj ri wkh
oderxu pdunhw fduhhuv ri |rxqj zrphq/ zh h{shfw wkhvh zrphq wr lpsuryh wkhlu
pdwfk e| fkdqjlqj up1 Vxssrvh d zrunhu lv vwduwlqj wkh fduhhu lq d edg pdwfk1
E| fkdqjlqj mre wkh zrunhu fdq lpsuryh rq wkh pdwfk1 Dv d uhvxow/ zh zrxog
h{shfw wr qg d kljkhu zdjh lq wkh qhz pdwfk/ lq frpsdulvrq wr wkh vlwxdwlrq
zkhq wkh zrunhu zrxog kdyh uhpdlqhg lq wkh rog pdwfk1 Wkhuhiruh/ zh prgho
zdjh jurzwk wr eh dhfwhg e| rffxsdwlrq ru up fkdqjhv1 Zh lqfoxgh gxpplhv
i r uw k l vw | s hr ie h k d y l r x u 1
D zhoo0nqrzq sureohp lv wkh hqgrjhqhlw| ri wkh yduldeohv lq wkh zdjh htxdwlrq1
Pdlqo|/ wkh sureohp dulvhv ehfdxvh ri vdpsoh vhohfwlrq1 Wklv lpsolhv wkdw wkh
huuru whup lq htxdwlrq +6, lv olnho| wr eh fruuhodwhg zlwk wkh yduldeohv ri lq0
whuhvw> lq sduwlfxodu/ wkh h{shulhqfh yduldeoh dqg wkh lqwhuuxswlrq yduldeoh1 D
frpprqo| xvhg dssurdfk lq wklv w|sh ri prgho lv wkh lqvwuxphqwdo yduldeoh hvwl0
55Plqfhu dqg Srodfkhn +4<:7,1
56Vhh Gxvwpdqq dqg Phjklu +LIV/ 4<<<,1 Wkh| vkrz wkdw whqxuh iru vnloohg zrunhuv duh yhu|
vpdoo1
4;pdwlrq1 Vlqfh oderxu vxsso| lv olnho| wr eh fruuhodwhg zlwk wkh fkdqjh lq zrun
h{shulhqfh yduldeohv/ zh kdyh wr qg lqvwuxphqwv iru oderxu vxsso|1 Li lw ghshqgv
rqo| rq lqglylgxdo vshflf hhfwv/ hvwlpdwlrq ri wkh uvw glhuhqfh htxdwlrq lv
qrw dhfwhg1 Li lw ghshqgv rq wlph ydu|lqj idfwruv ru li lqglylgxdo suhihuhqfhv
fkdqjh ryhu wlph/ krzhyhu/ wkhq rqh qhhgv wr lqvwuxphqw iru wkh fkdqjh lq zrun
h{shulhqfh1
Wkh ulfkqhvv ri wkh LDEV gdwd surylghv xv zlwk d qxpehu ri vxlwdeoh lqvwuxphqwv
iru oderxu vxsso|1 Iluvw/ zh xvh odjjhg ohyhov ri wkh zrun h{shulhqfh yduldeoh/ dqg
zrun h{shulhqfh yduldeoh vtxduhg/ dv lqvwuxphqwv dvvxplqj wkdw .d%|3rmE{s￿￿E|￿n
{￿￿|o ' f/z k h u hv : 4157 Ixuwkhupruh/ zh xvh djh dw hqwu| lqwr oderxu pdunhw/
djh dqg uvw glhuhqfhv lq srwhqwldo h{shulhqfh1 Pruhryhu/ vlqfh zh hvwlpdwh zdjh
htxdwlrqv iru prwkhuv/ zh xvh lqvwuxphqwv sduwlfxoduo| uhodwhg wr wkh oderxu irufh
sduwlflsdwlrq ri prwkhuv1 Wkdw lv zh xvh lqirupdwlrq rq wkh pdwhuqlw| ohdyh
surwhfwlrq shulrg1 Lq wkh vdpsoh shulrg wkhuh kdyh ehhq d qxpehu ri fkdqjhv lq
wkh pdwhuqlw| ohdyh v|vwhp zklfk surylghv xv zlwk dq h{fhoohqw lqvwuxphqw1 Dv
f d qe hv h h qw k hg x u d w l r qr ir e v h u y h gp d w h u q l w |o h d y hl vk l j k o |f r u u h o d w h gz l w k
wkh r!fldo pd{lpxp gxudwlrq ri pdwhuqlw| ohdyh surwhfwlrq1
814 Hpslulfdo Prgho
Iru wkh hpslulfdo lpsohphqwdwlrq dw wklv vwdjh zh vshfli| zdjh jurzwk htxdwlrqv
iru wkuhh glhuhqw uhjlphv= wkh suh0eluwk skdvh/ wkh lqwhuphgldwh skdvh dqg wkh
diwhu eluwk skdvh1 Irufhv wkdw gulyh wkh zdjh suroh zlwklq hdfk skdvh pd| glhu>
h1j1 wkh suhihuhqfhv iru kdug zrun pd| fkdqjh zkhq jlyhq eluwk1 Wkhuhiruh/ e|
frqwudvw wr vshfli|lqj rqh htxdwlrq wklv dssurdfk kdv wkh dgydqwdjh wkdw lw khosv
wr slqsrlqw wkh phfkdqlvpv lq pruh ghwdlo wkdw ohdg wr lqfuhdvlqj dqg ghfuhdvlqj
57Duhoodqr dqg Erqg +4<<4,1
4<zdjhv1 Ixuwkhupruh/ zh dwwhpsw wr uhfryhu wkh vwuxfwxudo nh| sdudphwhuv ri
wkh prgho e| lqvwuxphqwdo yduldeoh hvwlpdwlrq whfkqltxhv1 Rwkhu vwxglhv kdyh
srlqwhg rxw wkh sureohp ri zhdn lqvwuxphqwv1 E| doorzlqj wkh sdudphwhuv wr
ydu| dfurvv wkhvh wkuhh skdvhv zh fdq h{sorlw wkh lqvwuxphqwv pruh h!flhqwo|1
Suh0eluwk skdvh +wkh gls,
W k hz d j hh t x d w l r qi r uw k hs u he l u w ks k d v hl vv s h f l  h gd vg h v f u l e h gl qw k hs u h y l r x v
vhfwlrq1 Lq wklv prgho zh lqfoxgh h{shulhqfh dqg h{shulhqfh vtxduhg lq rughu wr
fdswxuh wkh ghfuhdvlqj uhwxuq wr h{shulhqfh1 Lq olqh zlwk Mdfrevrq/ OdOrqgh
dqg Vxoolydq +4<<6, zh doorz zdjhv wr ghfolqh hyhq ehiruh wkh lqwhuuxswlrq/ e|
lqfoxglqj gxpp| yduldeohv158 Zh vshfli| d gxpp| yduldeoh &
￿| 'li/ lq shulrg
|/z r u n h ukdg vwduwhg dq lqwhuuxswlrq shulrg gxh wr fklog eluwk n |hduv odwhu/
zkhuh 6	&	f 1 Lq wkh hvwlpdwlrqv zh zloo vhw 6 'vlqfh frh!flhqwv iru
6:duh qrq0vljqlfdqw159





￿|B& n B{(| n{ " ￿￿| +8,
Ixuwkhupruh/ lq wkh dssolfdwlrq fkdqjlqj rffxsdwlrq dqg mre fdq kdyh d glhuhqw
lpsdfw li lw lv lpphgldwho| ehiruh dq lqwhuuxswlrq1 Wkh uhdvrq iru grlqj wklv lv
ehfdxvh rqh ri wkh h{sodqdwlrqv iru wkh idplo| jds lv wkdw zrphq fkrrvh mrev
ru upv zklfk sd| ohvv exw duh pruh idplo| iulhqgo|1 Lq rughu wr lqyhvwljdwh li
zrphq dfwxdoo| vwduw fkrrvlqj wkhvh mrev sulru wr wkh lqwhuuxswlrq/ zh frqvlghu
wkdw fkdqjlqj mre ru up frxog kdyh d qhjdwlyh lpsdfw rq wkh zdjh surfhvv1
Wkh lqvwuxphqwv zh duh xvlqj iru wkh h{shulhqfh yduldeohv lq wklv skdvh duh djh/
djh dw wkh hqwu| dw wkh oderxu pdunhw/ uvw glhuhqfhv lq srwhqwldo h{shulhqfh/
58Gl￿huhqw vshfl￿fdwlrqv kdv ehhq wulhg exw wkh gls vhhpv wr vwduw durxqg wkuhh |hduv ehiruh
wkh lqwhuuxswlrq1
59Lq wkh dssolfdwlrq zh whvwhg iru vljql￿fdqfh ri wkh frh!flhqwv zkhq pA7 zklfk zh frxog
dozd|v uhmhfw1
53dqg h{shulhqfh dqg h{shulhqfh vtxduhg odjjhg wzr dqg wkuhh wlphv1
W k hl q w h u u x s w l r q+ w k hg u r s ,
Wr dqdo|vh wkh gluhfw hhfw ri wkh lqwhuuxswlrq gxh wr pdwhuqlw| ohdyh zh vshfli|
dq htxdwlrq iru zdjh fkdqjhv durxqg dq lqwhuuxswlrq1 Li kxpdq fdslwdo ghsuhfl0
dwhv zkloh qrw zrunlqj rq wkh mre5:/w k h qd ql q w h u u x s w l r qi r o o r z l q jw k he l u w kr i
wkh fklog pd| lqgxfh d gurs lq zdjhv1 Wr lqyhvwljdwh wklv k|srvwkhvlv zh lqfoxgh
wkh gxudwlrq ri pdwhuqlw| ohdyh dv d uhjuhvvru1 Li wkh ghsuhfldwlrq ri wkh kxpdq
fdslwdo lv fruuhodwhg zlwk wkh gxudwlrq ri wkh lqwhuuxswlrq/ zh h{shfw zdjh jurzwk
wr eh qhjdwlyho| dhfwhg e| wkh gxudwlrq ri pdwhuqlw| ohdyh1 Wkh zdjh htxdwlrq
lv vlplodu wr wkh suhylrxv rqh h{fhsw wkdw zh dgg wkh gxudwlrq ri pdwhuqlw| ohdyh/
￿|=
{*? ￿￿| '* ? ￿￿ @s|eo  *?￿￿ KesJoe '{ % ￿|q n ￿| n{ " ￿￿| +9,
Lq wklv skdvh erwk wkh gxudwlrq ri pdwhuqlw| ohdyh dqg wkh h{shulhqfh yduldeohv duh
olnho| wr eh hqgrjhqrxv1 Wkh lqvwuxphqwv iru h{shulhqfh dqg h{shulhqfh vtxduhg
xvhg lq wklv skdvh duh djh/ djh dw wkh hqwu| dw wkh oderxu pdunhw/ uvw glhuhqfhv
lq srwhqwldo h{shulhqfh/ dqg h{shulhqfh dqg h{shulhqfh vtxduhg odjjhg wzr dqg
wkuhh wlphv1 Iru wkh gxudwlrq ri pdwhuqlw| yduldeoh zh xvh wkh srolf| fkdqjhv lq
wkh pd{lpxp shulrg ri sduhqwdo ohdyh dv dq lqvwuxphqw1
Wkh srvw0eluwk skdvh +wkh uhfryhu|,
Lq wkh srvw eluwk skdvh zh hvwlpdwh d zdjh htxdwlrq iru zrphq zkr kdg rqh
lqwhuuxswlrq gxh wr pdwhuqlw| ohdyh1 Zh olplw wkh vdpsoh shulrg rqo| wr fryhu
wkh shulrg ehwzhhq wkh uvw lqwhuuxswlrq dqg wkh srwhqwldo vhfrqg lqwhuuxswlrq1
Iru wkh diwhu eluwk skdvh/ zh vshfli| d gxpp| yduldeoh dffruglqjo|/ wkdw lv &
￿| '
5:Plqfhu dqg Srodfkhn +4<:7,1
54li/ lq shulrg |/z r u n h ukdg vwduwhg dq lqwhuuxswlrq shulrg gxh wr fklog eluwk n
|hduv hduolhu/ zkhuh f 	&	6 1 5;
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Zh wkhq surfhhg dv ghvfulehg deryh dqg hvwlpdwh wkh htxdwlrq e| lqvwuxphqwdo
yduldeoh hvwlpdwlrq1
Zh irfxv lq wkh hvwlpdwlrq rq uvw eluwk1 Wkh prgho lv hvwlpdwhg iru ihpdoh
zrunhuv iru zkrp zh rqo| revhuyh rqh lqwhuuxswlrq vshoo1 Khqfh/ zh h{foxgh
hhfwv ri vhfrqg/ dqg ixuwkhu eluwkv15< Lq rughu wr hydoxdwh uhvxowv ixuwkhu zh
eruurz iurp wkh surjudp hydoxdwlrq olwhudwxuh1 Zh ghqh frqwuro jurxsv= ihpdohv
zkr kdyh qr fkloguhq1 Wklv lv dq dssurdfk wkdw kdv dovr ehhq xvhg lq wkh glvsodfhg
zrunhu olwhudwxuh163
9 Hvwlpdwlrq Uhvxowv
Lq wklv sdshu/ zh pdlqo| irfxv rq zrphq zkr duh kdylqj fkloguhq lq wkh revhu0
ydwlrq shulrg1 Wkh uhdvrq iru irfxvlqj rq wklv jurxs lv ehfdxvh wkdw zrphq zkr
uhpdlq fklogohvv pljkw kdyh glhuhqw xqrevhuyhg fkdudfwhulvwlfv wkdq zrphq zkr
kdyh fkloguhq1 Zh dfnqrzohgjh wkdw vrph ri wkh zrphq zh h{foxgh pljkw kdyh
wkhlu uvw fkloguhq diwhu wkh revhuydwlrq shulrg lv qlvkhg dqg wkhuhe| zh whqg wr
ryhuvdpsoh zrphq jlylqj eluwk hduolhu1 Krzhyhu/ wkh dyhudjh djh ri jlylqj eluwk
lq wklv vdpsoh lv iru wkh xqvnloohg2orzo| vnloohg= 5719/ vnloohg2dssuhqwlfhv 5816 dqg
iru judgxdwhg 63161 Lq rughu wr lqyhvwljdwh zkhwkhu wkhuh duh vwurqj glhuhqfhv
zh dovr frqvlghu d vdpsoh ri zrphq zkr uhpdlq fklogohvv1 Zh uhwxuq wr wklv odwhu1
5;Lq wkh dssolfdwlrq zh whvwhg iru vljql￿fdqfh ri wkh frh!flhqwv zkhq pA7 zklfk zh frxog
dozd|v uhmhfw1
5<Khqfh/ zh dyrlg jhwwlqj lq ihuwlolw| prghov dqg frpsohwh ihuwlolw| sureohpv1
63Mdfrevrq/ OdOrqgh/ Vxoolydq +DHU/ 4<<6,1
55Zh vwuxfwxuh wkh dqdo|vlv ri zdjh hhfwv durxqg wkh uvw eluwk e| orrnlqj/ uvw/
dw wkh suh0eluwk skdvh/ vhfrqg/ dw wkh lqwhuuxswlrq skdvh/ dqg/ wklug/ dw wkh srvw
eluwk skdvh1 Khqfh/ lq frqwudvw wr Mdfrevrq/ OdOrqgh dqg Vxoolydq +4<<6, dqdo|vh
hdfk ri wkh wkuhh zdjh hhfwv vhsdudwho|1
914 Suh0eluwk skdvh +Wkh gls,
Lq wklv dqdo|vlv zh h{dplqh wkh zdjh surfhvv ehiruh wkh uvw oderxu pdunhw lq0
whuuxswlrq gxh wr d pdwhuqlw| ohdyh vshoo/ e| xvlqj wkh prgho ghvfulehg lq wkh
suhylrxv vhfwlrq1 Lq Wdeoh 5 wkh hvwlpdwlrq uhvxowv duh uhsruwhg1
Lq jhqhudo wkh uhvxowv vhhp sodxvleoh dqg zh qg wkdw wkh uhwxuq wr h{shulhqfh
lv srvlwlyh exw ghfuhdvlqj lq wkh ohyho ri h{shulhqfh1 Wkh hvwlpdwhg uhwxuq wr
h{shulhqfh lv kljkhvw iru judgxdwhv dqg orzhvw iru xqvnloohg1 Wkh uhwxuq iurp
lqfuhdvlqj wkh ohyho ri h{shulhqfh iurp wzr wr wkuhh |hduv64 lv iru xqvnloohg2orzo|
vnloohg 2f shufhqw/ vnloohg2dssuhqwlfhv . shufhqw dqg judgxdwhv SD shufhqw1
Iru frpsdulvrq/ Gxvwpdqq dqg Phjklu +4<<;, qg wkdw wkh dyhudjh uhwxuq wr
h{shulhqfh iru |rxqj pdoh Jhupdqv zlwk frpsohwhg dssuhqwlfhvkls wudlqlqj lv
2. shufhqw/ zkloh lq rxu vdpsoh wkh dyhudjh uhwxuq wr h{shulhqfh iru lqglylgxdov
zlwk dssuhqwlfhvkls wudlqlqj lv  shufhqw1 Ixuwkhupruh/ zh qg wkdw fkdqjlqj
wkh up kdv d srvlwlyh lpsdfw rq zdjh jurzwk iru wkh xqvnloohg dqg vnloohg1 Wklv
uhvxow lv lq dffrugdqfh zlwk wkh lghd wkdw hduo| lq wkh fduhhu zrunhuv lpsuryh wkhlu
pdwfk e| fkdqjlqj up1 Iru judgxdwhv wkh hhfw lv qhjdwlyh exw lqvljqlfdqw1
Rq wkh rwkhu kdqg/ zh qg qr hylghqfh ri wkh hhfw ri fkdqjlqj rffxsdwlrq1 Lw
vxjjhvwv wkdw rffxsdwlrqdo vshflf kxpdq fdslwdo rqo| sod|v d plqru uroh lq wkh
ghwhuplqdwlrq ri wkh zdjhv1
64Iru wklv vdpsoh/ wkh dyhudjh ohyho ri h{shulhqfh iru doo hgxfdwlrq jurxsv lv ehwzhhq wzr dqg
wkuhh |hduv1
56L qw k hh v w l p d w l r qz hk d y hl q f o x g h gg x p p |y d u l d e o h vi r uw k hw k u h h| h d u vs u l r u
wr wkh lqwhuuxswlrq1 H{fhsw iru judgxdwhv wkh hvwlpdwhv iru wkh gxpplhv duh
qhjdwlyh lqglfdwlqj wkdw zdjhv vwduw lqghhg wr ghfuhdvh wkuhh |hduv sulru wr wkh
lqwhuuxswlrq1 Wkh hvwlpdwhv vxjjhvw wkdw iru xqvnloohg dqg vnloohg zrphq zdjhv
ghfolqh e| derxw 22 shufhqw wkh |hdu ehiruh wkh lqwhuuxswlrq165 Wklv frqupv
wkdw wkhuh lv d vpdoo gls lq zdjhv mxvw ehiruh wkh lqwhuuxswlrq1 Wklv lv lq frqwudvw
wr wkh vwxg| e| Zdogirjho +4<<;,66/ zkhuh vkh frxog qrw qg dq| hylghqfh iru
d ghfolqh lq zdjhv sulru wr dq lqwhuuxswlrq xvlqj gdwd iurp wkh XV1 Pruhryhu/
zh qg wkdw vnloohg zrphq gr qrw lpsuryh wkhlu zdjhv e| fkdqjlqj up li lw
lv zlwklq wkh wkuhh |hduv sulru wr wkh lqwhuuxswlrq1 Lq jhqhudo/ zdjhv lqfuhdvh
zkhq fkdqjlqj up1 Dq h{sodqdwlrq iru wklv lv wkdw zrphq sulru wr jlylqj eluwk
fkrrvh mrev wkdw sd| ohvv exw lqvwhdg rhu d idplo| iulhqgo| zrun hqylurqphqw1
Iru xqvnloohg dqg judgxdwhv qr hhfw ri fkdqjlqj up sulru wr wkh lqwhuuxswlrq
lv irxqg1
91414 Wkh frqwuro jurxs
Lq rughu wr hydoxdwh zkhwkhu zrphq zlwk dqg zlwkrxw fkloguhq idfh glhuhqw zdjh
surfhvvhv/ zh suhvhqw lq wklv vhfwlrq hvwlpdwlrq uhvxowv iru d vdpsoh ri zrphq zkr
uhpdlq fklogohvv lq wkh revhuydwlrq shulrg dqg frpsduh wkhp wr wkh suhylrxv uh0
vxowv167 Zh qg wkdw wkh jurxs zkr uhpdlqv fklogohvv kdyh kljkhu hqwu| zdjhv> iru
xqvnloohg2orzo| vnloohg zrphq zkr uhpdlq fklogohvv hduq rq dyhudjh 513 shufhqw
pruh wkdq zrphq zkr odwhu kdyh fkloguhq1 Iru vnloohg zrunhuv wkh glhuhqfh lv
81; shufhqw dqg iru judgxdwhv 613 shufhqw1 Wklv vxjjhvwv wkdw hyhq ehiruh wkh
65Wkhuh duh rqo| vpdoo orvvhv wzr dqg wkuhh |hduv sulru wr wkh lqwhuuxswlrq1
66Iru ixuwkhu ghwdlov vhh Zdjhoirjho +4<<;,/ irrwqrwh 461
67Dv phqwlrqhg hduolhu/ zh fdqqrw h{foxgh wkh srvvlelolw| wkdw zrphq lq wklv vdpsoh jlyh
eluwk odwhu wkdq 4<<8 zkhq wkh revhuydwlrq zlqgrz hqgv1
57lqwhuuxswlrq/ jurxsv glhu1681 Wklv surylghv hylghqfh iru wkh k|srwkhvlv wkdw sduw
ri wkh idplo| jds lv gxh wr khwhurjhqhlw|1 Wr h{dplqh krz zdjhv ghyhors zh
hvwlpdwh d zdjh htxdwlrq1 Wkh zdjh htxdwlrq lv wkh vdph dv wkh suhylrxv rqh
h{fhsw wkdw gxpplhv lqglfdwlqj wkh |hduv sulru wr wkh lqwhuuxswlrq gurs rxw1
Wkh hvwlpdwlrq uhvxowv lq Wdeoh 6 vkrz wkdw wkh uhwxuq wr h{shulhqfh lv srvlwlyh
dqg kljkhvw iru judgxdwhv dqg orzhvw iru xqvnloohg1 Ixuwkhupruh/ wkh uhvxowv dovr
vkrz wkdw wkh uhwxuq wr h{shulhqfh lv orzhu iru doo hgxfdwlrq jurxsv frpsduhg wr
wkh uhwxuq ri fklogohvv zrphq zkr duh jrlqj wr jlyh eluwk odwhu1 Wklv/ vrphkrz
vxusulvlqj uhvxow/ lqglfdwhv wkdw zrphq zkr duh jrlqj wr jlyh eluwk vwduw zlwk
d orzhu hqwu| zdjh exw kdyh d kljkhu uhwxuq wr h{shulhqfh1 Dqrwkhu glhuhqfh
ehwzhhq wkh wzr jurxsv lv wkdw iru zrphq zkr uhpdlq fklogohvv wkhuh lv d qhjdwlyh
hhfw ri fkdqjlqj rffxsdwlrq1 Wkh uhwxuq iurp fkdqjlqj up lv doprvw wkh vdph
iru wkh wzr jurxsv1 Krzhyhu/ vlqfh zrphq lq wkh frqwuro jurxs duh pxfk pruh
olnho| wr fkdqjh up wkdq zrphq lq wkhlu suh0eluwk shulrg wklv phdqv wkdw wkh
jds ehwzhhq wkhvh wzr jurxsv shuvlvwv1
915 Wkh lqwhuuxswlrq +Wkh gurs,
Wr dqdo|vh wkh gluhfw lpsdfw ri wkh lqwhuuxswlrq zh frpsduh wkh zdjhv lq wkh
odvw vshoo ehiruh wkh lqwhuuxswlrq gxh wr pdwhuqlw| ohdyh dqg wkh zdjhv lq wkh uvw
vshoo diwhu wkh lqwhuuxswlrq1 Krzhyhu/ vlqfh qrw doo zrphq lq rxu vdpsoh uhwxuq wr
zrun diwhu jlylqj eluwk zh vwduw e| surylglqj vxppdu| vwdwlvwlfv rq wklv dvshfw1
68D vlplodu uhvxow lv irxqg iru wkh XV1 Oxqgehuj dqg Urvh +5333, irxqg wkh gl￿huhqfh wr eh
qlqh shufhqw1
5891514 Uhwxuq wr zrun
Lq jxuh 5 wkh dyhudjh suredelolw| ri uhwxuq wr zrun lv vkrzq iru wkh vdpsoh
shulrg1 Wkh jxuh vkrzv wkdw wkh suredelolw| ri uhwxuq zlwklq wkuhh |hduv diwhu
wkh lqwhuuxswlrq zdv derxw :3 shufhqw lq wkh ehjlqqlqj ri wkh ;3v dqg kdv ehhq
ghfolqlqj wr derxw 83 shufhqw lq wkh ehjlqqlqj ri wkh <3v1 Wkh judsk dovr vkrzv
wkdw xqwlo wkh plg ;3v pruh wkdq kdoi ri zrphq uhwxuqhg zlwklq wkh uvw |hdu diwhu
wkh lqwhuuxswlrq dqg rqo| yhu| ihz uhwxuq ehwzhhq wkh vhfrqg dqg wkh wklug |hdu
diwhu wkh lqwhuuxswlrq1 Pruhryhu/ wkh jxuh dovr vkrzv wkdw wkh pdmru uhirupv
ri wkh pdwhuqlw| ohdyh v|vwhp lq 4<;9 dqg 4<<4 kdyh kdg dq lpsdfw rq wkh
suredelolw| ri uhwxuqlqj dqg wkh ohqjwk ri wkh pdwhuqlw| ohdyh169 Iurp 4<;9
rqzdugv/ wkhuh lv d whqghqf| wkdw zrphq wdnh orqjhu pdwhuqlw| ohdyh6:1W k l v
wuhqg kdv ehhq uhlqirufhg diwhu 4<<41 Lq wkh iroorzlqj zh xvh iru lghqwlfdwlrq ri
wkh zdjh orvv gxh wr lqwhuuxswlrq wkh idfw wkdw wkh gxudwlrq ri pdwhuqlw| ohdyh lv
dhfwhg e| wkh srolf| fkdqjhv1
91515 Wkh gurs
Iru wkrvh zrphq zkr uhwxuq wr zrun zh fdq frpsduh zdjhv lq wkh odvw vshoo
ehiruh wkh lqwhuuxswlrq zlwk zdjhv lq wkh uvw vshoo diwhu wkh lqwhuuxswlrq1 Lw
wxuqv rxw wkdw pruh wkdq Df shufhqw uhfhlyh d orzhu zdjh zkhq wkh| uhwxuq wr
zrun1 Wkh dyhudjh orvv lq zdjhv lv uhsruwhg lq Wdeoh 71 Lq wkh uvw urz ri Wdeoh
7 wkh dyhudjh orvv iru wkh glhuhqw hgxfdwlrq jurxsv lv uhsruwhg1 Wkh qxpehuv
vkrz fohduo| wkdw xqvnloohg2orzo| vnloohg kdyh d vxevwdqwldoo| vpdoohu orvv wkdq wkh
uhpdlqlqj jurxsv> wkdw lv 4< shufhqw orvv frpsduhg wr 2 shufhqw1 Zkhq irfxvlqj
rq wkh jurxs ri zrphq zkr uhwxuq wr wkh vdph up diwhu sduhqwdo ohdyh kdv hqghg
69Vlplodu uhvxowv zhuh uhsruwhg lq Rqgulfk/ Vslhvv dqg \dqj +4<<9,1
6:Ihzhu zrphq uhwxuq zlwklq wkh ￿uvw |hdu diwhu 4<;9/ exw wkh iudfwlrq uhwxuqlqj zlwklq wkuhh
|hduv lv doprvw frqvwdqw1
59wkh orvv lv d elw orzhu1 Krzhyhu/ hyhq iru wkh jurxs ri zrphq zkr uhwxuq wr wkh
vdph up dqg wkh vdph rffxsdwlrq wkh orvv lv vwloo dssur{lpdwho| D shufhqw
iru wkh orzo| vnloohg dqg pruh wkdq 2D shufhqw iru vnloohg dqg judgxdwhv1 Vlqfh
zh frpsduh gdlo| zdjhv wkh gurs pd| sduwo| eh gxh wr d uhgxfwlrq lq zrunlqj
krxuv1 Krzhyhu/ zh duh rqo| frqvlghulqj ixoo wlph hpsor|phqw zklfk phdqv
wkdw wkhvh zrphq vkrxog dw ohdvw zrun 68 krxuv shu zhhn erwk ehiruh dqg diwhu
wkh lqwhuuxswlrq1 Xqiruwxqdwho| zh gr qrw kdyh dffhvv wr lqirupdwlrq derxw wkh
qxpehuv ri zrunlqj krxuv lq wkh LDEV vdpsoh1 Vr lw lv gl!fxow wr whoo h{dfwo|
krz pxfk d uhgxfwlrq lq krxuv frqwulexwhv wr wkh orvv1 Li wkh hqwluh orvv lv gxh wr
d uhgxfwlrq lq krxuv wklv phdqv wkdw xqvnloohg zrphq vkrxog kdyh ehhq zrunlqj
derxw e krxuv rq dyhudjh ehiruh wkh| jlyh eluwk zkloh iru vnloohg dqg judgxdwhv
lw zrxog eh eS krxuv1 Zh zloo lqyhvwljdwh wklv dvshfw pruh xvlqj dq dowhuqdwlyh
gdwd vrxufh1
Lq wkh iroorzlqj zh ghfrpsrvh wkh orvv gxh wr glhuhqw idfwruv1 Dv vkrzq lq
wkh wdeoh fkdqjlqj up dqg mre lq frqqhfwlrq zlwk dq lqwhuuxswlrq vhhpv wr
kdyh dq lpsdfw1 Ixuwkhupruh zh lqfoxgh wkh gxudwlrq ri pdwhuqlw| ohdyh +lq
|hduv,1 Ilqdoo|/ wkh qdwxuh ri wkh gdwd lpsolhv wkdw zdjh jurzwk lv dvvrfldwhg
zlwk glhuhqw ohqjwk ri vshoov1 Iru wkdw uhdvrq zh dovr lqfoxgh h{shulhqfh dqg
h{shulhqfh vtxduhg1 Lq Wdeoh 8 wkh uhvxowv duh uhsruwhg iru d uhjuhvvlrq zkhuh zh
gr qrw xvh lqvwuxphqwv1
Wkh hvwlpdwlrq uhvxowv vkrz wkdw fkdqjlqj up dqg rffxsdwlrq kdv d vwurqj qhjd0
wlyh hhfw rq zdjhv1 D vlplodu uhvxow zdv irxqg iru wkh XV +vhh Zdogirjho +4<<;,,
dqg iru Fdqdgd +vhh Sklssv/ Exuwrq dqg Ohwkeulgjh +5334,,1 Wklv vxjjhvwv wkdw
vwd|lqj zlwk wkh vdph hpsor|hu pd| dfw dv d nlqg ri lqvxudqfh djdlqvw lqfrph
orvv ri prwkhuv1 Zh dovr qg wkdw wkh gxudwlrq ri wkh lqwhuuxswlrq kdv d qhjd0
wlyh lpsdfw1 Wklv surylghv hylghqfh iru wkh k|srwkhvlv frqfhuqlqj kxpdq fdslwdo
ghsuhfldwlrq +vhh Plqfhu dqg Srodfkhn +4<:7,,1
5:91516 Hylghqfh iurp rwkhu gdwd vrxufhv
Lq rughu wr surylgh pruh nqrzohgjh derxw wkh kxjh zdjh orvv/ zh h{sorlw dowhu0
qdwlyh gdwd vrxufhv1 Xvlqj vxuyh| gdwd6; zh rewdlq dgglwlrqdo lqirupdwlrq derxw
wkh qxpehu ri zrunlqj krxuv lq wkh Zhvwhuq Jhupdq vwdwhv1 Lq wklv gdwd vhw erwk
wkh r!fldo dqg wkh dfwxdo zrunlqj krxuv duh vwdwhg iru 4<<81 Zh vhohfw d vdpsoh
ri zrphq djhg 53073 dqg zkr doo uhsruw wkdw wkh| zrun ixoo wlph +wkh r!fldo
zrunlqj krxuv duh dw ohdvw 68 krxuv shu zhhn,1 Wkhq/ zh frpsduh wkh dfwxdo
zrunlqj krxuv ri wkrvh djhg 53 wr 73 zkr kdyh fkloguhq zlwk wkrvh zlwkrxw fklo0
guhq1 Rq dyhudjh wkh vdpsoh zlwkrxw fkloguhq zrun 7314 krxuv shu zhhn6</ zkloh
wkrvh zlwk fkloguhq zrun 6<14 krxuv shu zhhn731 Dowkrxjk wkh zrphq zlwkrxw
fkloguhq zrun rqh krxu ohvv shu zhhn/ wklv fdq rqo| h{sodlq d ghfuhdvh lq wkh gdlo|
zdjhv rq 518 shufhqw1 Wklv lqglfdwhv vwurqjo| wkdw rqo| d vpdoo sduw ri wkh zdjh
orvv lv gxh wr d uhgxfwlrq lq zrunlqj krxuv1
916 Wkh srvw eluwk skdvh +Wkh uhfryhu|,
Dv vkrzq lq wkh suhylrxv vhfwlrq zrphq duh wdnlqj d kxjh zdjh fxw zkhq wkh|
uhwxuq wr zrun diwhu pdwhuqlw| ohdyh1 Lq wklv vhfwlrq zh dqdo|vh wkh zdjh surfhvv
diwhu wkh lqwhuuxswlrq wr vhh li wkhvh zrphq duh uhfryhulqj zkhq wkh| jhw edfn1
Zh dqdo|vh krz zdjhv ghyhors lq wkh shulrg diwhu uvw eluwk dqg ehiruh vhfrqg
eluwk/ li vxfk lv wdnlqj sodfh1
6;Gdwd Vxuyh| lv froohfwhg e| wkh LDE/ Q￿uqehuj dqg glvwulexwhg e| wkh Fhqwudo Xqlw Dufklyh
lq Frorjqh +]hqwudodufkly,=Huzhuevz￿qvfkh xqg Huzhuevyhukdowhq yrq Iudxhq lq Rvw xqg Zhvw0
ghxwvfkodqg/ 4<<8 +lq Hqjolvk= Ghvluhg Zrun dqg Zrunlqj Ehkdylrxu ri Zrphq lq Hdvw dqg
Zhvw Jhupdq| lq 4<<8,
6<Wklv qxpehu lv wkh dyhudjh qxpehu ri zrunlqj krxuv edvhg rq 7;3 fklogohvv zrphq1
73Wklv qxpehu lv wkh dyhudjh qxpehu ri zrunlqj krxuv edvhg rq 665 zrphq zlwk fkloguhq1
5;Lq Wdeoh 9 lqvwuxphqwdo yduldeoh hvwlpdwlrq uhvxowv ri wkh zdjh jurzwk htxdwlrq
diwhu wkh uvw lqwhuuxswlrq duh vkrzq1 Iluvwo|/ wkh uhvxowv vxjjhvw wkdw wkh uhwxuq
wr h{shulhqfh lv pxfk kljkhu diwhu wkh lqwhuuxswlrq1 Wklv phdqv wkdw wkhuh lv
hylghqfh iru wkdw zrphq duh uhfryhulqj wkhlu iruphu zdjh ohyho diwhu wkh lqwhuuxs0
w l r q 1L wd o v rv h h p vw re hw k hf d v hw k d ww k r v hh g x f d w l r qj u r x s vz l w kw k ho d u j h v wo r v v
dovr kdyh wkh kljkhvw uhwxuq wr h{shulhqfh diwhuzdugv1 Lq wklv olih vwdjh fkdqjlqj
up vhhpv qrw wr kdyh dq lpsdfw rq zdjhv/ zkloh fkdqjlqj rffxsdwlrq kdv d qhj0
dwlyh lpsdfw> zrphq orrvh ehwzhhq rqh dqg irxu shufhqw e| fkdqjlqj rffxsdwlrq1
Frpsduhg wr wkh frqwuro jurxs hvwlpdwhv vkrzq lq Wdeoh 6 wklv orvv vhhpv d elw
odujhu1 Ixuwkhupruh/ zh qg rqo| d yhu| vpdoo dqg lqvljqlfdqw gls ehiruh wkh
vhfrqg eluwk1
: Frqfoxglqj uhpdunv
Lq wklv sdshu zh lqyhvwljdwh zdjh hhfwv iru zrphq durxqg uvw eluwk1 Vlpsoh
ghvfulswlyhv rq zdjhv iru d vdpsoh ri zrphq lq wkhlu 53v wr 73v uhyhdo wkdw
vkruwo| ehiruh wkh lqwhuuxswlrq d gls lq wkh zdjh suroh lv revhuyhg1 Rq uhwxuq
wr zrun/ wkdw lv diwhu h{lwlqj wkh sduhqwdo ohdyh shulrg/ zdjhv gurs ixuwkhu e|
dssur{lpdwho| 48 wr 53 shufhqw1 Lq rxu dqdo|vlv zh zdqw wr vkhg oljkw xsrq
zkdw h{sodlqv wklv kxjh gurs wkdw lv rxw ri udqjh ri hvwlpdwhv rq orvvhv iurp
rwkhu w|shv ri lqwhuuxswlrqv/ vxfk dv xqhpsor|phqw1 Zh vhw xs d vlpsoh zdjh
uhjuhvvlrq iudphzrun1 Wkh nh| sdudphwhuv ri lqwhuhvw duh wkh uhwxuq wr zrun
h{shulhqfh dqg wkh hhfw ri wkh lqwhuuxswlrq lwvhoi1 Iru lghqwlfdwlrq zh pdnh
xvh ri d ulfk vhw ri lqvwuxphqwv wkdw lqfoxghv wkh xvh ri wkh srolf| yduldeoh wkdw
phdvxuhv wkh pd{lpxp gxudwlrq ri sduhqwdo ohdyh1
Wkh pdlq uhvxowv duh wkdw wkh gls lv lq idfw yhu| vpdoo1 Wkh odujh +uhgxfhg irup,
*gls* hhfw fdq eh h{sodlqhg e| up fkdqjhv lpphgldwho| ehiruh wkh lqwhuuxswlrq1
5<Wklv vhhpv sodxvleoh dqg lq olqh zlwk wkh srolf| wkdw jlyhv vwurqj lqfhqwlyhv wr
uhpdlq zlwk wkh hpsor|hu ehiruh jrlqj rq sduhqwdo ohdyh1 Rqo| wklv ehkdylrxu
hqvxuhv d vhfxuh zrun sodfh diwhuzdugv1 Lq frqwudvw wr wkh gls wkh odujh gurs vhhpv
wr eh d yhu| urexvw uhvxow1 Wkh frqvlvwhqw sdudphwhu hvwlpdwh vxjjhvwv wkdw wkh
orvv lv odujhu wkdq 44 shufhqw iru hdfk |hdu ri lqwhuuxswlrq iru wkh xqvnloohg/ 49
shufhqw iru vnloohg dqg rqo| 7 shufhqw iru judgxdwhv1 Wklv lv frqvlvwhqw zlwk kljk
hpsor|phqw udwhv ri kljk vnloohg zrunhuv zlwk fkloguhq |rxqjhu wkdq 9/ dqg 43
wr 53 shufhqwdjh srlqwv orzhu rqhv iru phglxp dqg orz vnloohg zrunhuv +RHFG/
5334/ s14671,1
Jlyhq uhfhqw ghprjudsklf wuhqgv wkdw duh glvdgydqwdjhrxv iru hpsor|phqw jurzwk/
dqg wkh frpshwlwlrq iru kljko| txdolhg zrunhuv idplo| iulhqgo| srolflhv vhhpv wr
ehfrph pruh dqg pruh lpsruwdqw lq rughu wr hqvxuh wkdw zrunlqj fduhhuv dqg
fkloguhq duh frpsdwleoh1 Zlwk ihz h{fhswlrqv/ wklv lv prvwo| dq lvvxh iru zrphq1
Wkh sduhqwdo ohdyh srolf| wkdw lv d pdmru sloodu ri wkhvh srolflhv lq Jhupdq| dqg
uhjxodwhg e| wkh jryhuqphqw lv fodlphg wr eh rqh ri wkh prvw jhqhurxv lq lqwhu0
qdwlrqdo frpsdulvrq1 Pdlqo|/ wklv lv edvhg rq wkh idfw wkdw vlqfh wkh hduo| <3v
sduhqwdo ohdyh iru d shulrg ri xs wr 6 |hduv fdq eh wdnhq/ dqg dw wkh vdph wlph
wkh hpsor|phqw frqwudfw zlwk up lv sxw rq krog/ lqvwhdg ri ehlqj od|hg r1
Wklv vwxg| looxvwudwhv wkdw dw wkh vdph wlph wklv frlqflghv zlwk odujh frvwv iru wkh
lqglylgxdo zrunhu1 Wklv lq wxuq pd| kdyh d qhjdwlyh lpsdfw rq oderxu vxsso|/
dqg/ khqfh/ h{sodlq orz ihpdoh oderxu irufh sduwlflsdwlrq udwhv1
Uhihuhqfhv
^4` Dvkhqihowhu/ Ruoh|/ +4<:;,/ Hvwlpdwlqj wkh Hhfw ri Wudlqlqj Surjudpv rq
Hduqlqjv1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 93+4,/ ss1 7:08:1
63^5` Doeuhfkw/ Mdphv Z1/ Hglq/ Shu0Dqghuv/ Vxqgvwuùp/ Pduldqqh/ Yurpdq/ Vx0
vdq E1/ +4<<<,/ Fduhhu Lqwhuuxswlrqv dqg Vxevhtxhqw Hduqlqjv= D uhh{dpl0
qdwlrq xvlqj Vzhglvk Gdwd/ Mrxuqdo ri Kxpdq Uhvrxufhv/ 67+5,/ ss1 5<706441
^6` Duhoodqr/ Pdqxho/ dqg Vwhskhq Erqg +4<<4,= Vrph whvwv ri vshflfdwlrq
iru sdqho gdwd= Prqwh Fduor Hylghqfh dqg dq dssolfdwlrq wr hpsor|phqw
htxdwlrqv/ Uhylhz ri Hfrqrplf Vwxglhv/ 8;+5,/ ss15::05<:1
^7` Ehfnhu/ Jdu| +4<97,= Kxpdq fdslwdo 0 D wkhruhwlfdo dqg hpslulfdo dqdo|vlv
zlwk vshfldo uhihuhqfh wr hgxfdwlrq/ Fklfdjr Xqlyhuvlw| Suhvv/ 6ug hglwlrq/
4<<61
^8` Ehfnhu/ Jdu| +4<;8,= Kxpdq Fdslwdo/ Hruw/ dqg wkh Vh{xdo Glylvlrq ri
Oderu/ wh{wlwMrxuqdo ri Oderu Hfrqrplfv/ 6+4,/ sw15/ ss1V670V8;1
^9` Eodx/ Iudqflqh/ dqg Odzuhqfh P1 Ndkq +4<<8,= Wkh jhqghu hduqlqjv jds=
Vrph lqwhuqdwlrqdo hylghqfh/ lq= Glhuhqfhv dqg fkdqjhv lq zdjh vwuxfwxuhv/
Iuhhpdq dqg Ndw}/ hglwruv/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Frp0
sdudwlyh Oderu Pdunhw Vhulhv/ Xqlyhuvlw| ri Fklfdjr Suhvv1
^:` Gdwwd Jxswd/ Qdedqlwwd/ Vplwk/ Qlqd/ +5333,/ Fkloguhq dqg Fduuhu lqwhu0
uxswlrqv= Wkh Idplo| Jds lq Ghqpdun1 FOV Zrunlqj sdshu 33036 53331
^;` Gxvwpdqq/ Fkulvwldq dqg Frvwdv Phjklu +4<<<,/ Zdjhv/ H{shulhqfh dqg
Vhqlrulw|/ Lqvwlwxwh iru Ilvfdo Vwxglhv/ Zrunlqj Sdshu <<241
^<` Jxvwdivvrq/ Vly/ Eux|hq0Kxqgw/ P1 +4<<4,/ Lqfhqwlyhv iru Zrphq wr Zrun=
D frpsdulvrq ehwzhhq Wkh Qhwkhuodqgv/ Vzhghq dqg Zhvw Jhupdq|/ Mrxu0
qdo ri Hfrqrplf Vwxglhv/ 4;+829,/ ss1 630981
64^43` Jxvwdivvrq/ Vly/ Eux|hq0Kxqgw/ P1 +4<<9,/ Zrphq*v oderu irufh wudqvlwlrqv
lq frqqhfwlrq zlwk fklogeluwk= D sdqho gdwd frpsdulvrq ehwzhhq Jhupdq|/
Vzhghq dq Juhdw Eulwdlq/ Mrxuqdo ri Srsxodwlrq Hfrqrplfv/ ss155605791
^44` Mdfrevrq/ Orxlv/ Urehuw M1 OdOrqgh dqg Gdqlho J1 Vxoolydq +4<<6,= Hduqlqjv
Orvvhv ri Glvsodfhg Zrunhuv/ Dphulfdq Hfrqrplf Uhylhz/ ;6+7,/ ss1 9;80:3<1
^45` Mrvkl/ Khdwkhu> Sdfl/ Slhuhood> Zdogirjho/ Mdqh/ +4<<<,= Wkh Zdjhv ri Prwk0
h u k r r g =E h w w h ur uZ r u v h B /Fdpeulgjh Mrxuqdo ri Hfrqrplfv/ 56+8,/ ss1 8760
971
^46` Nxq}h/ Dvwulg +5334,= Jhqghu Glhuhqfhv lq Hqwu| Zdjhv dqg Hduo| Fduhhu
Zdjhv/ plphr/ L]D Erqq1
^47` Oxqgehuj/ V1> dqg H1 Urvh +5333,= Sduhqwkrrg dqg wkh hduqlqjv ri pduulhg
phq dqg zrphq/ Oderxu Hfrqrplfv/ :+9,/ ss19;<0:431
^48` Plqfhu/ Mdfre/ Srodfkhn/ Vrorprq/ +4<:7,= Idplo| Lqyhvwphqwv lq Kxpdq
Fdslwdo= Hduqlqjv ri zrphq1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;5+5,/ +vxssoh0
phqw,/ ss1 V:90V43;1
^49` Plqfhu/ M1/ dqg V1 Srodfkhn +4<:;,= Zrphq*v hduqlqjv uhh{dplqhg/ Wkh
Mrxuqdo ri Kxpdq Uhvrxufhv/ 46+4,/ ss144;04671
^4:` Qlhovhq/ Khohqd Vn|w/ Pduldqqh Vlprqvhq dqg Phwwh Yhuqhu +5334,= Hduq0
lqjv hhfwv ri fduhhu lqwhuuxswlrqv lq d prgho zlwk hqgrjhqrxv vhfwru fkrlfh/
plphr1
^4;` RHFG +4<<8,= Hpsor|phqw Rxworrn/ Fkdswhu 8= Orqj0whup ohdyh iru sdu0
hqwv lq RHFG frxqwulhv/ Mxo| 4<<81
^4<` RHFG +5334,= Hpsor|phqw Rxworrn/ Fkdswhu 7= Edodqflqj zrun dqg idplo|
olih= Khoslqj sduhqwv lqwr sdlg hpsor|phqw/ Mxqh 53341
65^53` Rqgulfk/Mdq> Vslhvv/F1Ndwkdulqd> \dqj/Tlqj/ +4<<9,= Eduhirrw dqg lq d Jhu0
pdq Nlwfkhq= Ihghudo Sduhqwdo Ohdyh dqg Ehqhw Srolf| dqg wkh Uhwxuq wr
Zrun diwhu Fklogeluwk lq Jhupdq|1 Mrxuqdo ri Srsxodwlrq Hfrqrplfv/ <+6,/
ss1 57:0991
^54` Rqgulfk/ M> F1N1 Vslhvv/ T1 \dqj dqg J1J Zdjqhu +4<<<,= Ixoo wlph ru sduw
wlphB Jhupdq sduhqwdo ohdyh srolf| dqg wkh uhwxuq wr zrun diwhu fklogeluwk
lq Jhupdq|/ Uhvhdufk lq Oderu Hfrqrplfv/ 4;/ ss1740:71
^55` Sklssv/ Vkhooh|/ Shwhu Exuwrq dqg O|qq Ohwkeulgjh +5334,= Lq dqg rxw ri
oderxu pdunhw= Orqj0whup lqfrph frqvhtxhqfhv ri fklog0uhodwhg lqwhuuxswlrqv
wr zrphq*v sdlg zrun/ Fdqdgldq Mrxuqdo ri Hfrqrplfv/ 67+5,/ ss1 744075<1
^56` Uxkp/ Fkulvwrskhu M1/ +4<<;,= Wkh Hfrqrplf Frqvhtxhqfhv ri Sduhqwdo
Ohdyh Pdqgdwhv= Ohvvrqv Iurp Hxursh/ Wkh Txduwhuo| Mrxuqdo ri Hfr0
qrplfv/ 446+4, ss1 5;8064:1
^57` Zdogirjho/ Mdqh/ +4<<;,= Wkh Idplo| Jds iru \rxqj Zrphq lq wkh Xqlwhg
Vwdwhv dqg Eulwdlq= Fdq Pdwhuqlw| Ohdyh Pdnh d GlhuhqfhB Mrxuqdo ri
Oderu Hfrqrplfv/ 49+6,/ ss1 8380781
^58` Zhlvv/ \rudp/ Jurqdx/ Uhxehq +4<;4,= H{shfwhg Lqwhuuxswlrqv lq wkh
Oderxu Irufh Sduwlflsdwlrq dqg Vh{0Uhodwhg Glhuhqfhv lq Hduqlqjv Jurzwk1
Uhylhz ri Hfrqrplf Vwxglhv/ 7;/ sdjhv 93:094<1
66D Dsshqgl{= Wdeohv dqg Iljxuhv
D14 Dsshqgl{

















114<;9D 5; 4 3
1141414<;: 54 3 4 5
1141:14<;< 54 6 4 8
1141:14<<3 54 9 4 ;
1141414<<5 56 7 4 ;
1141414<<6 56 7 5 7
114<<7 56 7 5 7
114<<9 56 7 5 7
114141 5334-- 56 7 5 7
Qrwhv= Shulrgv duh frxqwhg iurp gholyhu| ri wkh fklog rqzdugv1 Rqh pd| qrwh wkdw
wkh pdwhuqlw| surwhfwlrq shulrg vwduwv douhdg| 9 zhhnv ehiruh gholyhu|1
67Wdeoh 5= Zdjh jurzwk ehiruh wkh lqwhuuxswlrq
Xqvnloohg2 Vnloohg Judgxdwhv
Orzo| vnloohg
{H{shulhqfh 31368- 3137:- 313;3-
+31343<, +313389, +31368;,
{H{shulhqfh2 031336- 031335- 031336
+31338, +313336, +313357,
Ilup fkdqjh 31346 3135<- 031344
+313435, +313386, +313757,
Rffxsdwlrq fkdqjh 31339 3133< 31348:
+313444, +313399, +313883,
Rqh |hdu ehiruh lqwhuuxswlrq 031356- 031355- 31334
+3133:8, +313376, +31359<,
Wzr |hduv ehiruh lqwhuuxswlrq 031345- 031338 03133<
+313395, +313367, +313564,
Wkuhh |hduv ehiruh lqwhuuxswlrq 03133; 031336 03134<
+313398, +313368, +313577,
Ilup fkdqjh zlwklq wkuhh |hduv 3133: 03135;- 031357
ehiruh lqwhuuxswlrq +313475<, +3133:6, +313869,
Rffxsdwlrq fkdqjh zlwklq wkuhh 031355 031346 31339
|hduv ehiruh lqwhuuxswlrq +313497, +3133<;, +313:5,
Vdujdq whvw +8 gi , 5913; 631<3 ;13<
r ri revhuydwlrqv 44/66< 58/:88 <74
Qrwhv= - lqglfdwh wkdw wkh hvwlpdwh lv vljql￿fdqw dw wkh 8 shufhqw vljql￿fdqfh ohyho1
Wkh prgho lv hvwlpdwhg lq ￿uvw gl￿huhqfhv1 Wlph gxpplhv dqg d frqvwdqw duh
lqfoxghg1 Lqvwuxphqwv iru h{shulhqfh= h{shulhqfh dqg h{shulhqfh vtxduhg odjjhg
wzr dqg wkuhh wlphv/ djh dw hqwu| lqwr wudlqlqj dqg ￿uvw gl￿huhqfh lq srwhqwldo
h{shulhqfh1
68Wdeoh 6= Zdjh jurzwk ri fklogohvv zrphq zlwk qr lqwhuuxswlrq
Xqvnloohg2 Vnloohg Judgxdwhv
Orzo| vnloohg
{H{shulhqfh 31346- 31358- 31369-
+31339:, +313366, +31346<,
{H{shulhqfh2 031335- 031335- 031334-
+31335, +313334, +313386,
Ilup fkdqjh 31343 31355- 031337
+31337, +313358, +313439,
Rffxsdwlrq fkdqjh 031355- 0313477- 031349:
+31337, +31335;, +313464,
Vdujdq whvw +8 gi , 5818< <61;7; 4;17;
r ri revhuydwlrqv 69/884 :;/53: 7/;98
Qrwhv= - lqglfdwh wkdw wkh hvwlpdwh lv vljql￿fdqw dw wkh 8 shufhqw vljql￿fdqfh ohyho1
Wkh prgho lv hvwlpdwhg lq ￿uvw gl￿huhqfhv1 Wlph gxpplhv dqg d frqvwdqw duh
lqfoxghg1 Lqvwuxphqwv iru h{shulhqfh= h{shulhqfh dqg h{shulhqfh vtxduhg odjjhg
wzr dqg wkuhh wlphv/ djh dw hqwu| lqwr wudlqlqj dqg ￿uvw gl￿huhqfh lq srwhqwldo
h{shulhqfh1
69Iljxuh 5=
the probabitity returning after first birth [prog3_1]
year of start of interruption
 returning within one year  returning within two years
 returning within three years





6:Wdeoh 7= Wkh dyhudjh orvv +lq shufhqw, gxh wr wkh lqwhuuxswlrq
Xqvnloohg2 Vnloohg Judgxdwhv
Orzo| vnloohg
Doo 4;1: 6514 6418
+54;8, +7459, +593,
Vwd|lqj lq wkh vdph up 4913 5<18 5:15
+479;, +5::;, +4;:,
Vwd|lqj lq wkh vdph up 4817 5<16 5:17
dqg lq wkh vdph rffxsdwlrq +46<4, +5989, +4;8,
Qrwhv= Wkh orvv lv fdofxodwhg dv phdq ri wkh gl￿huhqfhv ehwzhhq wkh orj zdjhv lq
wkh odvw vshoo ehiruh wkh lqwhuuxswlrq dqg wkh ￿uvw vshoo diwhu wkh lqwhuuxswlrq1 Wkh
￿jxuhv lq sduhqwkhvhv duh wkh qxpehu ri revhuydwlrqv1
6;Wdeoh 8= Wkh orvv gxh wr wkh lqwhuuxswlrq
Xqvnloohg2 Vnloohg Judgxdwhv
Orzo| vnloohg
{H{shulhqfh 31466- 314<7- 3136<
+31374;, +31313648, +31468,
{H{shulhqfh2 031353- 031353- 31335
+31335:, +313353, +3133<;,
Ilup fkdqjh 0313:;- 03136: 031397
+31366:, +31355<, +3143::,
Rffxsdwlrq fkdqjh 031359 03136:6- 03149:
+31368;, +313595, +314647,
Gxudwlrq ri 031444- 031493- 03137;
lqwhuuxswlrq +3135:<, +3134<<, +31434;,
r ri revhuydwlrqv 54;8 7459 593
Qrwhv= - lqglfdwh wkdw wkh hvwlpdwh lv vljql￿fdqw dw wkh 8 shufhqw vljql￿fdqfh ohyho1
Wkh prgho lv hvwlpdwhg lq ￿uvw gl￿huhqfhv +￿uvw vshoo diwhu lqwhuuxswlrq 0 odvw vshoo
ehiruh lqwhuuxswlrq,1
6<W d e o h9 =Z d j hj u r z w kd i w h uw k hl q w h u u x s w l r q
Xqvnloohg2 Vnloohg Judgxdwhv
Orzo| vnloohg
{H{shulhqfh 313<; 31445- 314:3
+31396, +31384, +313<7,
{H{shulhqfh2 031335- 031335- 031335
+31334, +31333;, +31348<,
Ilup fkdqjh 31338 31344 31365
+3135;, +313565, +31367,
Rffxsdwlrq fkdqjh 03136; 031367- 031345
+313487, +31345:, +3136;5,
Rqh |hdu ehiruh 5qg 03133; 031338 031339
lqwhuuxswlrq +31349;, +313457, +31363:,
Vdujdq whvw +< gi , 581:8 4:15; 71<3
r ri revhuydwlrqv 8/697 :/;86 938
Qrwhv= - lqglfdwh wkdw wkh hvwlpdwh lv vljql￿fdqw dw wkh 8 shufhqw vljql￿fdqfh ohyho1
Wkh prgho lv hvwlpdwhg lq ￿uvw gl￿huhqfhv1 Wlph gxpplhv dqg d frqvwdqw duh
lqfoxghg Lqvwuxphqwv iru h{shulhqfh= h{shulhqfh dqg h{shulhqfh vtxduhg odjjhg wzr
dqg wkuhh wlphv/ djh dw hqwu| lqwr wudlqlqj/ ￿uvw gl￿huhqfh lq srwhqwldo h{shulhqfh
dqg gxpp| yduldeohv iru r!fldo gxudwlrq ri pdwhuqlw| ohdyh1
73D15 Dsshqgl{
Wdeoh D514= Hpslulfdo vwxglhv ri wkh idplo| jds
Vwxg| Zdogirjho/ 4<<; Mrvkl/ Sdfl dqg Sklssv/ Exuwrq dqg
Zdogirjho/ 4<<< Ohwkeulgjh/ 5334
Gdwd Sdqho Furvv vhfwlrqv Furvv vhfwlrqv zlwk
uhwurvshfwlyh lqirupdwlrq
Frxqwu| XV XV dqg XN Fdqdgd
Ghshqghqw yduldeoh orj zdjh orj zdjh orj lqfrph
Hvwlpdwlrq ri idplo| jds Fkloguhq Fkloguhq Lqwhuuxswlrqv
Pdlq h{sodqdwru| ydu1 H{shulhqfh H{shulhqfh H{shulhqfh dqg
dqg hgxfdwlrq dqg hgxfdwlrq gxudwlrq ri lqwhuuxswlrqv
Hvwlpdwlrq phwkrg Il{hg h￿hfw2 Khfnpdq dqg ROV ROV
Iluvw gl￿huhqfhv
Vwxg| Doeuhfkw/ Hglq/ Vxqgvwuø p Gdwwd Jxswd dqg Vplwk
dqg Yurpdq/ 4<<< 5334
Gdwd Furvv vhfwlrqv dqg Sdqho gdwd
Sdqho gdwd
Frxqwu| Vzhghq Ghqpdun
Ghshqghqw yduldeoh orj zdjh orj zdjh
Hvwlpdwlrq ri idplo| jds lqwhuuxswlrqv Fkloguhq
Pdlq h{sodqdwru| ydu1 h{shulhqfh/ hgxfdwlrq/ h{shulhqfh/ hgxfdwlrq/
fkloguhq dqg lqwhuuxswlrq ydu1
Hvwlpdwlrq phwkrg ROV2Il{hg h￿hfw Udqgrq ru Il{hg h￿hfw
dqg Khfnpdq
Lq wdeoh D514 wkh vwxglhv h{dplqlqj wkh idplo| jds kdyh ehhq vxppdulvhg1 Wkhvh
vwxglhv surylgh phdvxuhv ri wkh idplo| jds1 Lq doo vwxglhv d zdjh htxdwlrq lv
hvwlpdwhg/ h{fhsw iru lq Sklssv/ Exuwrq dqg Ohwkeulgjh/ 5334/ zkhuh dq htxdwlrq
iru lqfrph zdv hvwlpdwhg1 Wkh gdwd xvhg lq wkhvh vwxglhv duh hlwkhu sdqho gdwd ru
furvv vhfwlrqv dqg wkhuhiruh wkh hvwlpdwlrq phwkrgv dovr ydu|1 Krzhyhu/ rqo| wzr
vwxglhv duh ghdolqj zlwk wkh vdpsoh vhohfwlrq eldv/ dulvlqj iurp wkh idfw wkdw rqo|
iru lqglylgxdov zrunlqj zdjhv duh revhuyhg1 Ixuwkhupruh/ vwxglhv glhu lq wkhlu
dssurdfk wr hvwlpdwh wkh idplo| jds1 Zkloh lq vrph ri wkh vwxglhv wkh idplo| jds
lv phdvxuhg e| hvwlpdwlqj wkh lpsdfw ri fkloguhq rwkhuv hvwlpdwh wkh lpsdfw ri
dq lqwhuuxswlrq gxh wr pdwhuqlw| ohdyh1
74